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Exhibit  1 


Project  Location  Map 


SECTION  I 


Scheme  A 


Scheme  B 


Over-Under  Scheme 
Plan  1-A 

Profiles  P-1 
P-2 
P-3 


Exhibit  2 


Station  10+0  to  Station  45+0  (vlth 
Modification  XII) 

Northbound  and  Southbound  Roadways 
Station  10+0  to  Station  45+0 
Hampden  Street  Off-Ramp 
Hampden  Street  On-Ramp 

Central  Artery  East  Service  Drive 
Central  Artery  On-Bamp 
Proposed  Future  B.R.A.  Service  Drive 
Massachusetts  Avenue  Off-Ramp 

North  Service  Drive  to  Shawmut  Avenue 
South  Service  Drive  to  Shawmut  Avenue 

Perspective  Looking  Northwest,  Roxbury 
Section 


Typical  Sections    TS-1 


Total  Over-Under  Scheme 

Plan  1-B  Station  10+0  to  Station  45+0  (with 

modifications  X  &  XII) 

Profiles  P-4       Northbound  and  Southbound  Roadways 
Station  10+0  to  Station  90f0 

P-I       Hampden  Street  Off -Ramp 
Hampden  Street  On-Ramp 
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Exhibit  3 


Central  Artery  On-Bamp 
Massachusetts  Avenue  Off-Ramp 

Perspective  of  One  Roadway  Totally 
Over  the  Other 


Scheme  C       Totally  Depressed  Scheme,  Open  Cut 
Plan  1-C 


Profiles  P-6 


P-2 
P-3 

Typical  Section 
Major  Modification's 

Plan  1-C 
Profiles  P-7 


Station  1O4-0  to  Station  45+0  (vith 
modifications  IX  &  XI) 

Northbound  and  Southbound  Roadways 
Station  10+0  to  45+0 
Massachusetts  Avenue  On-Ramp 
Hampden  Street  Off-Ramp 
Hampden  Street  On-Ramp 

Massachusetts  Avenue  Off -Ramp 

*North  Service  Drive  (to  Shawmut) 
*South  Service  Drive  (to  Shawmut) 

*  Generally  adaptable  to  all  schemes 

TS-2 


Both  Inner  Belt  Roadways  over  Mass- 
achusetts Avenue 


Northbound  and  Southbound  Roadways 
Station  lOfO  to  Station  45+0 
Hampden  Street  Off -Ramp 
Hampden  Street  On-Ramp 


SECTKW  II 


Scheme  A      Over-Under  Scheme 
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Plan  2-A 
Profiles  P-8 

P-9 

P-10 

P-11 

P-8 

P-27 

Exhibit  4 
Typical  Section 


Northbound  and  Southbound  Roadways 
Station  404-0  to  Station  85+0 

Southwest  Connectors  A  &  C 

Southwest  Connectors  B  &  D 

North  Service  Drive 
South  Service  Drive 

Tremont  Street  Off-Ramp 
Forsyth  Street  On-Ramp 

Columbus  Avenue  and  Tremont  Street 
Service  Drive 

Perspective,  View  Under  the  Interchange 

TS-3 


Scheme  B      Total  Over-Under  Scheme 
Plan  2-B 
Profiles  P-4 


P-12 
P-13 

P-8 


Northbound  and  Southbound  Roadways 
Station  104-0  to  Station  90fO 

Southwest  Connectors  A,  B,  C  &  D 

North  Service  Drive 
Relocated  Forsyth  Street 
Forsyth  Street  On-Ran^ 

Tremont  Off-Ramp 


Scheme  C       Depressed  Scheme,  Open  Cut 

Plan  2-A 

Profiles  P-14  Northbound  Roadway  Stations  45+0  to  80+0 

F-15  Southbound  Roadway  Stations  45+0  to  80fO 

P-16  Southwest  Connectors  A,  B,  C  &  D 
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P-11      North  Service  Drive 
South  Service  Drive 

P-8       Tremont  Street  Off-Ramp 
Forsyth  Street  On- Ramp 

P-27      Coltmbus  Avenue  &  Tremont  Street 
Service  Drive 

Typical  Section     TS-3 


Interchange  Below  Grade 
Plan  2-C 
Profiles  P-17 

P-18 
P-19 
P-17 


Northbound  and  Southbound  Roadways 
Station  50+0  to  Station  85+0 

Southwest  Connectors  A  6e  B 

Southwest  Connectors  B  &  D 

Tremont  Street  Off-Ramp 
Forsyth  Street  On-Ramp 


Future  Connector  to  Southend  By  Pass 
Plan  2-D 


Profiles  P-20 


Connecting  Ramps  -  Predicated  on 
Recommended  Plan 


SECTION  III  &  IV 
Scheme  A      "T"  Section  in  Fens 
Plan  3-A 


Profiles  P-21 


Northbound  and  Southbound  Roadways 
Station  80H)  to  145+0 
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SECTION  V 


Southvest  Expressway 

Plan  4- A 
Profiles  P-25 

P-26 
P-27 

Exhibit  7 
Typical  Section 


Southwest  Expressway  Profile  Station  lOfO 
to  Station  45+0 

Ramps  1,  2,  3  &  4 

Outbound  Service  Drive  (Coltimbus  Avenue) 
Inbound  Service  Drive  (Tremont  Street) 
Relocated  Tremont  Street  (Roxbury  Crossing) 

Southwest  Expressway  Approach  to  the 
Interchange 

TS-6 


Southwest  Expressway  -  Ramps  I  &  II  Omitted 
Plan  4-B 
Profiles  P-25 

P-26 

P-27 
Tjrpical  Section  TS-6 


Pilot  Boring  Program 

Key  Sheet  1 

Boring  Location  Plans  2-9 

Boring  Logs  10  -  17 

Soils  Profile  18  -  19 
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Recommendations ; 

On  the  basis  of  the  data  assembled  In  plan,  profile, 
cost  estimates,  effect  on  existing  buildings  and  businesses  In  the  area, 
the  architectural  treatments  that  can  be  developed  In  each  scheme  and 
the  laad  uses  present  and  planned  In  the  area,  as  well  as  the  traffic 
functions  to  be  served  we  recommended  that  Scheme  A,  as  presented  on 
the  drawings  be  constructed  with  the  addition  of  the  East  Service  Road 
In  the  vicinity  of  the  Fitzgerald  Expressway. 

All  schemes  which  retain  the  Fens  as  a  recreational 
and  park-like  area  show  a  total  cost  within  3^  of  each  other  -  a  percentage 
well  within  the  normal  accuracy  of  estimating  at  this  time  of  design. 
Cost  alone  can  not  readily  be  the  major  detemlnlng  factor. 

Traffic  seirvlce  and  the  Impact  not  only  to  the  adjoining 
cultural  and  develoiment  areas  but  also  on  the  hundreds  of  thousands  of 
persons  using  this  section  of  the  expressway  warrant  this  consideration. 

The  recommended  scheme  preserves  the  Fens,  It  services 
traffic  the  best  and  It  provides  an  architectural  form  to  preserve  pre- 
sent cultural  values  and  enhances  areas  which  are  apt  to  be  redeveloped. 
It  will  seed  good  design  for  euljolnlng  structures,  public  and  private, 
which  are  to  be  erected  In  the  redevelopment  area  through  which  this 
expressway  goes. 

From  the  standpoint  of  land  takings  and  present  struc- 
tures affected  In  those  takings^ It  may  appear  that  the  totally  over  and 
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\mder  Scheme  B  should  be  selected. 

In  an  area  of  dlverBlfied  functions  of  zoning 
such  as  proposed  for  the  roadway  section  an  effoirt  should  be  made  to 

reduce  to  the  minimum  a  potentially  destructive  effect  of  the  express- 
way on  the  community. 

The  solution  In  which  the  roadways  are  wholly 
super-Imposed  on  each  other  (Scheme  B)  magnifies  the  divisive  Impact 
of  the  highway  in  em  urban  area.  The  size  euid  nature  of  the  structure 
creates,  in  effect,  a  wall,  and  a  barrier  permanently  separating  the 
neighborhoods. 

The  solution  in  which  the  southbound  lanes  ar« 
placed  in  cut  and  the  northbound  lanes  partly  overlap  (Scheme  A) 
reduces  the  negative  impact  of  the  highway  on  the  nelghboriiood.  It 
permits  a  lighter  and  more  graceful  structure  above  grade.  It  makes 
possible  the  use  of  land  below  the  elevated  structure  and  creates  sua 
architectural  value  and  form  superior  to  other  solutions  studied. 
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SCOPE  OF  PROJECT 

The  geografihlcal  limits  of  the  work  Included  In 
this  report  are  that  portion  of  Interstate  Route  95  from  the  end  of 
the  Fitzgerald  Expressway  in  the  vicinity  of  Boston  City  Hospital 
and  northeast  of  Massachusetts  Avenue  southwesterly  about  2.0  miles 
to  the  vicinity  of  Jackson  Square  and 

That  portion  of  Interstate  Route  695  from  the 
Interchange  with  Interstate  Route  95  between  Shawmut  Avenue  and 
Tremont  Street  northwesterly  about  1. 5  miles  to  the  northwest  side  of 
Beacon  Street. 

The  part  of  Interstate  Route  95  from  the  Fitzgerald 
Expressway  to  its  Interchange  with  Interstate  695  in  the  vicinity  of 
Tremont  Street  and  the  above  described  section  of  Interstate  Route  695 
constitute  what  has  been  locally  called  the  Boston  section  of  the  "Inner 
Belt  Expressway", 

The  portion  of  Interstate  Route  95  from  the  Inter- 
change near  Tremont  Street  to  Jackson  Square  has  been  locally  called  the 
"Southwest  Expressway".  Because  of  the  repeated  use  of  these  locail  names 
for  each  of  these  sections  of  the  two  Interstate  Routes  Involved,  rather 
than  their  official  route  number  designations,  the  reference  throughout 
this  report  will  be  on  the  basis  of  these  local  names. 

The  general  location  of  this  study  section  with  its 
Interstate  numbers  and  local  names  is  shown  on  exhibit  1. 
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PROJECT  LOCATION   MAP 


EXHIBIT    NO. 


HISTORY 

The  location  studies  for  these  route  sections  had 
been  completed  before  the  advent  of  our  contract.  The  I962  Inner  Belt 
and  Expressway  System  Report  established  Its  location  and  principal 
traffic  function.  This  location  for  the  Inner  Belt  was  approved  by  the 
various  Federal,  State  and  City  officials. 

For  the  Southwest  Expressway  eu3d  Its  Interchange 
with  the  Inner  Belt  location  approval  was  given  as  far  as  Jackson 
Square  by  the  Commonwealth 's  Board  of  Review.  This  approval  was  for  a 
location  closer  to  the  N.Y*,  N.H.  and  H.  R.R.  tracks  than  that  shown  In 
the  1962  report. 

The  basic  design  studies  repoirted  herein  are  In 
accordance  with  these  approvals. 

This  Basic  Design  Report  Is  for  the  determination 
of  the  geometries  of  rostdways,  center  lines,  profiles,  ramp  location  and 
profiles  and  other  design  details. 

In  accordance  with  our  contract  and  because  of  the 
need  for  corelatlon  with  the  physical  and  cultviral  aspects  of  the  areas 
through  which  these  route  sections  traverse  the  firm  of  Campbell,  Aldrlch 
and  Nulty,  their  staff  architects  and  staff  landscape  architects,  were 
\ised  throughout  the  course  of  the  studies. 

GEMERAL  CONCEPTS  OF  DESIGN 

The  design  of  these  route  sections  has  been  In 
accordcmce  with  the  design  controls  for  Interstate  highways  adopted  by 
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the  AmerlcGun  Association  of  State  Highway  officials  with  such  modifica- 
tions as  the  Massachusetts  Department  of  Public  Works  has  Indicated, 
within  the  policies  of  the  A.A.S.H.O. 

A  principal  modification  Is  in  regard  to  the  vertical 

'clearances  for  overhead  structures  to  permit  the  transportation  of 

\^  Av  V.  0*   oversized  defense  loads,  a  minimum  l6  foot  6  inch  head  room  clearance 

has  been  provided  for  all  of  that  part  of  the  Interstate  Route  95 

^- 

V    '  P  ^-^  Af  iy^*^"^  ^^^  limits  of  this  report.  A  minimum  of  ik   feet  6  inches  over- 

' /    f   head  cleco-ance  has  been  provided  for  the  section  of  Interstate  Route 

f  .7    5^5  ajui  fQj.  local  street  clearemces. 

The  selected  design  speed  for  the  main  lines  has 
been  set  at  30  m.p.h.  for  the  determination  of  sight  distances, 
vertical  and  horizontal  alignments,  acceleration  and  deceleration, 
land  development  and  other  details  so  effected.  A  design  6x>eed  of 
^0  m.p.h.  was  set  for  the  principal  ramps  in  the  Southwest  Expressway 
Inner  Belt  Interchange  because  of  the  desire  to  avoid  demolition  of 
a  major  new  housing  project  and  for  other  right-of-way  controls. 

On  all  parts  of  the  Interstate  Routes  except  that 
part  of  the  Inner  Belt  thz>ough  the  Southwest  Expressway  Interchange  aM 
the  Interchemge  ramps  four  lanes  of  travel  have  been  provided.  The 
Interchange  ramps  are  held  at  two  lanes  each  and  that  part  of  the  Inner 
Belt  within  the  Southvest  Expressway  Interchange  has  been  held  to  three 
lanes  because  of  the  drop  In  traffic  in  this  area.  Lane  widths  of  12 
feet  have  been  used  throughout;  10  foot  disabled-vehicle  lanes  have  been 
maintained  on  the  right  hand  side  of  each  expressway  section  except  of 
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course  where  the  acceleration  and  deceleration  lanes  use  this  area 
for  operational  purposes.  Four  foot  cleareuace  lanes  on  the  left 
side  of  the  travel  lanes  for  each  direction  of  flow  have  heen 
maintained  except  wherever  ramps  from  or  to  the  left  hand  side 
require  this  area  for  operational  purposes. 

The  various  sections  demonstrating  the  mainline 
geometric  controls  are  shown  in  typical  sections  TS-1,  TS-2,  TS-3, 
TS-it,  TS-5  and  TS-6. 

MUMBER  OF  LAMES 

The  number  of  lanes  of  travel  on  the  mainlines  are 
based  upon  the  traffic  values  for  the  expressway  system  as  established 
in  the  I962  Inner  Belt  and  Expressway  Report. 

The  basic  traffic  figures  used  for  these  studies 
axe  those  presented  in  the  I962  Inner  Belt  and  Expressway  System 
Report.  They  have  been  supplemented  by  196^*-  City  traffic  cordon 
counts  observations  where  available  and  by  the  traffic  volijme  inventorj' 
of  the  Wilbur  Smith  I963  Study  where  applicable. 

The  Inner  Belt  Expressway  traffic  projections 
show  that  it  will  carry  in  1985  between  60,CXX)  and  138,000  vehicles 
per  day  (two  directional  flow).  Based  upon  a  design  hour  volume  of 
7^  of  the  daily  average  this  is  equal  to  k600  to  866O  vehicles  per 
design  hour.  For  the  largest  of  these  8  lanes  or  k   in  each  direction 
are  provided.  Except  for  the  Southwest  Interchange  area  where  only 
three  lanes  per  direction  on  the  Inner  Belt  are  provided. 
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For  the  Southwest  Expressway  it  is  anticipated  that 
the  1985  volume  will  average  114,000  vehicles  per  day,  or  a  design  hour 
volume  of  8,000  vehicles  for  both  directions.  Four  lanes  in  each 
direction  are  provide  i  for  this  expressway. 

Wlile  these  volumes  are  somewhat  below  those  which 
have  been  measured  on  many  expressways,  as  stated  in  the  I962  report, 
these  are  the  numbers  of  lanes  which  should  be  considered  when  viewed  in 
context  with  the  entire  Inner  Belt  system  and  the  Expressways  leading  to 
and  from  it.   In  addition  the  voliime  assignments  do  not  represent  the 
total  demand.  Restraints  due  to  the  congestion  on  the  Fitzgerald 
Southeast  Expressways  limit,  at  present,  the  amovmt  of  traffic  which 
can  use  the  Inner  Belt.  If  eind  when  these  restraints  are  removed  these 
sections  will  require  the  8  lane  designs  presented  here. 

IMTERCHANGE  LOCATIONS 

Because  of  the  shortness  of  the  length  of  the 
Inner  Belt  the  niimber  of  ramps  for  entering  and  leaving  traffic  must 
be  kept  to  a  minimum  consistant  with  proper  service  to  the  area  through 
which  the  expressway  passes. 

Two  major  Interchanges  with  other  expressways  must 
be  provided  for  at  the  northeast  end  of  the  project  in  the  vicinity  of 
the  Southeast  Expressway  Interchange.  While  its  location  is  pinned 
down  by  previous  construction,  all  movements  to  the  Fitzgerald  Expressway 
and   the  Southeast  must  be  provided  for.  Since  this  area  is  also  a 
source  of  considerable  other  traffic  generation,  ramps  to  and  from  the 
street  pattern  are  needed  for  the  present  and  future  developnents  here. 
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A  major  interchange  with  the  Southwest  Expressway 
in  the  vicinity  of  the  Tremont  Street,  ColumbuB  Ayenue,  New  Haven 
Railroad  corridor  must  be  provided. 

These  two  interchanges  limit  to  a  great  degree 
the  location  of  interchanges  to  and  from  the  grovmd  level  street  pattern. 

The  Wilbvir  Smith  arterial  street  traffic  volume 
inventory  indicates  the  capability  of  the  various  crossing  street 
arterials  to  take  additional  ramp  traffic. 

Between  Massachusetts  Avenue  and  Coltunbus  Avenue 
a  service  road  pattern  flanking  the  Inner  Belt  can  distribute  traffic 
to  the  various  streets  serving  the  areas  east  and  west  of  the  Belt. 
They  now  carry  between  0.8  and  1.3  times  their  capacity  and  the  use 
of  a  service  road  can  i>rovide  a  distributor  to  equalize  their  load. 

The  capacity  of  Tremont  Street  and  Columbus  Avenue 


since  they  have  near  termini  both  east  and  west  of  the  Belt,  and  thus 
provide  similar  arterial  fimctions,  can  handle  considerably  increased 
volumes  if  made  alternate  one-way  streets.  Ramp  distribution  to  this 
one-way  pair  have  therefore  been  considered  in  the  various  schemes 
studies. 

Arterial  service  to  and  from  the  downtown  area  by 
way  of  the  projected  B.R.A.  southend  by-pass  has  also  been  considered 
in  each  of  these  studies.  Its  close  proximity  to  the  Tremont -Columbus 
Avenue  corridor  does  not  permit  an  additional  ramp  complex  but  does 
permit  it  to  serve  the  ramps  in  this  corridor  crossing.  Direct  connecting 
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ramps  to  and  from  the  Southwest  Expressway  to  this  by-pass  are 
compatihle  with  the  various  schemes  studies  and  are  therefore 
shown  in  the  report. 

To  the  north,  Huntington  Avenue  is  now  carrying 
1.2  times  its  rated  capacity.   Its  proximity  to  the  Southwest  Expressway 
interchange  further  precludes  its  use  as  a  ramp  terminal  location. 

The  Riverway-Park  Drive  arterial  is  limited  to 
passenger  car  usage  and  therefore,  together  with  its  present  traffic 
load  precludes  its  usage  as  a  satisfactory  ramp  terminal  location. 

The  Brookline  Avenue  and  Boylston  Street  arterial 
is  presently  carrying  in  excess  of  its  rated  capacity,  and  has  little 
room  for  expansion  due  to  Institutional,  commercial  and  industrial 
abut tors. 

This  practically  forces  the  interchange  to  and  from 
the  ground  pattern  to  the  Beacon  Street  corridor.  While  Beacon  Street 
is  carrying  close  to  its  rated  capacity,  operational  traffic  controls 
can  increase  its  capacity  better  than  any  of  the  others.  Further^ by 
using  it  for  the  ramp  complex^ damage  which  ramps  will  force  on  the  Fens 
area  can  be  reduced  and  distributed  to  Commonwealth,  Brookline,  Boylston 
and  the  Riverway,  can  be  accomplished  within  the  interchajiged  area^.  and 
within  the  limits  of  good  traffic  management. 

No  one  pair  of  arterials  crossed  provides  the 
ultimate  in  ramp  termini  requirements.  On  balance  it  is  considered  that 
the  Beacon  Street  location  comes  neairest  to  providing  the  service  required. 
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To  accomplish  this  Interchange  It  has  been  necessary 

to  extend  the  Inner  Belt  study  beyond  the  limits  of  Beacon  Street  to 
Eustln  Street  In  Brookllne. 

The  traffic  pattern  Indicated  the  need  for  an 
Interchsmge  either  in  the  Jackson  Square  area  or  between  it  and  Roxbury 
Crossing.  Roxbury  Crossing  itseli"  is  not  a  sufficient  source  of  traffic 
to  require  an  independent  ramp  complex  and  its  proximity  to  the  Southwest- 
Inner  Belt  Interchange  precludes  a  ramp  complex  here  to  avoid  unmanage- 
able weaving  and  merging  situations. 

By  relocating  Columbus  Avenue  to  the  corridor 
adjacent  to  the  railroad  embankment  a  one-way  service  road  on  either 
side  of  the  expressway  can  be  provided  by  the  contintiance  of  the  Tremont 
Street  -  Columbus  Avenue  one-way  pair.  The  need  for  aji  interchange  is 
Indicated  between  Roxbury  Crossing  and  Jackson  Squcure  to  permit 
traffic  from  the  Jackson  Square  cro»«  streets  to  use  the  Inner  Belt 
expressway  system  eusd  to  pick  up  arterial  traffic  to  emd  from  the  south 
and  the  Southwest  Expressway  without  being  Involved  by  greuie  crossing 
Interference  at  Jackson  Square. 

If  and  when  direct  connecting  ramps  axe  built,  as 
shown  in  several  of  the  studies  between  the  BRA's  southend  by-peiss 
the  ramps  to  and  from  the  south  may  be  discontinued.  However,  until 
the  Southend  by-pass  euid  its  connecting  ramps  are  built  this  ramp 
complex  together  with  the  Tremont  Street  -  Colvmbus  Avenue  one-way  pair 
will  efficiently  handle  this  traffic. 

All  service  road  arterial  street  and  ramp  volumes 
in  this  report  are  I985  projections  based  upon  the  data  indicated  above. 
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It  was  fvirther  required  that  alternate  profiles  be 
developed  on  Route  695  west  of  Brookline  Avenue  to  allow  either  a 
bridge  or  a  tunnel  crossing  of  the  Charles  River.  In  this  z%gard  all 
of  the  stxidies  present  herein  permit  this  option. 

In  the  development  of  this  section  of  these  routes 
it  has  been  considered  essential  to  develop  not  only  the  academic 
engineering  matters  of  geometries  and  traffic  but  equally  important 
to  relate  the  project  in  form  to  the  neighborhoods  and  environments 
surrovinding  it. 


This,  for  two  basic  reasons: 

1.  That  those  persons  using  these 
sections  should  enjoy  as  much  as  possible 
their  traversing  the  routes  and 

2.  That  those  living  or  working  in 
or  near  the  routes  should  not  have  imposed  upon 
their  neighborhoods  a  work  with  which  they  can 
not  on  the  long  time  basis  live  happily. 


In  regard  to  the  first  of  these, consideration 
was  given  to  the  impact  which  the  new  Boston  skyline  would  have  on  the 
people  entering  the  City  from  the  Southwest  Expressway.  It  was 
considered  desirable  that  those  traveling  by  car  from  the  Southeast 
and  the  John  F.  Fitzgerald  Expressways  to  enjoy  the  view  of  Boston 
cultural  center  and  the  Cambridge  skyline  if  possible  to  do  so.  Those 
traveling  in  the  reverse  direction  did  not  appear  to  warrant  equal 
consideration  if  a  choice  needed  to  be  made. 

In  regard  to  its  effect  on  the  neighborhoods  through 
which  it  travels  three  principles  were  followed  in  addition  to  the 
engineering  principles  outlined  above. 
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Because  of  the  highly  durable  character  of  the 
Inner  Belt  and   its  tremendous  size  in  relation  to  any  geographic  or 
urbeui  area  in  which  it  is  located,  its  design  must  be  controlled  by 
three  basic  principles  in  addition  to  carrying  out  its  functional 
mission: 

1.  That  it  will  not  destroy,  unwittingly,  any  existing 
architectural,  historic,  or  other  desirable  values. 

2.  That  it  will  complement  any  existing  or  proposed  future 
values. 

3.  That  in  areas  which  are  nondescript  or  in  need  of 
rehabilitation,  it  will  be  the  seed  to  induce  good 
adjoining  development. 

With  these  thoughts  in  mind  our  architectxiral 
treatments  therefore  were  developed  as  to  original  form  and  placement 
of  the  individual  engineering  elements  rather  them  as  a  rustication 
or  waU-papering  technique  of  a  predetermined  engineering  form. 

A  portion  of  the  Inner  Belt  passes  through  the 
Fens  and  was  given  special  consideration  and  treatment  because  of  the 
cultural  and  recreational  activities  immediate  to  it.  The  Fens, 
a  public  park  developed  by  Frederick  Law  Olmstead  over  eighty  years 
ago,  is  a  long  standing  Boston  landmark.  In  preparing  the  basic  design 
for  this  section  we  have  attempted  to  maintain  the  continuity  of  the 
Fens  green  belt  by  combining  a  depressed  highway  with  a  partial  over- 
head landscaped  cover.  The  various  schemes  shown  in  this  report  are 
attempts  at  carrying  out  this  scheme  with  the  exception  of  the  totally 
open  cut  which  leaves  little  of  this  section  of  the  Fens  intact. 
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Close  contact  has  been  maintained  with  the  desires 
of  the  Boston  Redevelopment  Agency  which  acts  as  the  City's  planning 
board.  In  the  Roxbury  area  their  desire  to  Increase  the  Institutional 
land  uses  provide  new  and  enlightening  residential  areas  where  rundown 
conditions  now  exist  have  been  taken  into  account  as  has  been  the 
projected  street  circulation  patterns  which  they  feel  essential  to 
these  developments.  To  varying /degrees  jthe  various  plans  represented 
in  this  report  carryoutthe  ideas  expressed  to  us  by  the  B.R.A. 

Firm  discussions  as  to  the  needs  of  the  Massachusetts 
Bay  Transportation  Agency  have  been  less  easy  to  come  by.  It  is 
believed,  however,  that  by  leaving  the  New  Haven  Railroad  right-of-way 
intact  and  by  the  proper  location  of  ramp  complexes  that  sufficient 
latitude  has  been  provided  for  expansion  of  their  facilities  and 
terminals  for  indicated  bus-subway  interchange  points. 

song  AMD  FOUMDATION  IROBLEMS 

The  Inner  Belt  Expressway  location  is  in  the 
middle  of  two  very  poor  soils  areas  -  the  Muddy  River  and  Fen's  Pond 
River  beds  and  the  Fort  Point  Channel  south  bay. 

The  Southwest  Expressway  lies  largely  on  good 
ground  where  the  ledge  is  close  to  the  surface  and  over  burden  is  quite 
stable. 

In  the  early  studies  the  accumulated  soils  data 
available  from  the  Boston  Society  of  Engineers  was  used  to  determine 
the  probable  nature  of  structures  that  could  be  built  along  the 
location  corridors.  An  extensive  exploratory  boring  suid  soils  testing 
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program  was  then  accomplished  based  upon  the  indicated  structiires  to 
csurry  the  various  roadways. 

At  the  conclusion  of  the  boring  program  the  various 
Btructxiral  devices  were  reviewed  and  corrected  or  confirmed. 

Appendix  A  carries  the  entire  findings  of  the 
soils  borings  and  testing  program  and  the  effect  the  findings  can  have 
on  the  highway  structures.  Various  alternate  treatments  can  be  used 
as  shown  in  this  rei>ort. 

MUDDY  RIVER  PROBLEJ^S 

Since  a  below  grade  expressway  through  the  Fens 
would  intercept  the  Muddy  River  a  special  study  was  performed  to  see: 
a)  If  such  a  below  grade  expressway  was  feasible  and;  b)  to  determine 
various  feasible  solutions  to  the  carrying  of  this  water. 

Aside  from  the  academic  hydrology  problem  was  the 
fact  that  if  the  Muddy  River  run-off  was  merely  diverted  to  the 
Charles  River  by  a  conduit  the  stream  and  ponds  which  constitute 
much  of  the  naturalness  of  the  Fens  would  be  dried  up.  Accordingly,  a 
scheme  was  developed  to  permit  a  portion  of  the  water  to  remain  in  the 
Fens  and  the  rest  to  be  taken  off  by  way  of  the  existing  Brookllne 
Avenue  conduit.  Some  occasional  flooding  in  the  Jamaica  way  area  will 
be  corrected  by  the  recommended  design. 

Appendix  B  is  the  study  of  this  problem,  it  includes 
the  hydxologic  computations  and  the  detailing  of  a  recommended  design 
for  this  area. 
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UTILITY  AND  PUBLIC  FACILTTI^ 

The  Fens 

The  principal  public  facility  effected  by  the 
construction  of  this  project  in  the  selected  corridors  is  the  effect 
it  has  on  the  public  park  and  recreation  facilities  in  that  part  of  the 
Fens  from  Evans  Way  to  the  Highleind  Branch  of  the  M.B.T.A, 

Independent  appraisal  of  the  commercial  leuid  values 
of  this  piece  of  property  was  placed  at  $5.00  a  square  foot  smd  best 
probable  use  as  that  for  high  rise  and  high  cost  residential  apartment 
developings.  Since  the  replacement  of  such  public  land  and  facilities 
is  chargeable  to  the  total  cost  of  the  expressway  this  appraisal  was 
made. 

In  addition,  the  reproduction  cost  of  existing  park, 
parkway  and  recreational  facilities  was  analized  and  estimated. 

An  appraisal  of  the  cost  to  reproduce  in  kind  the 
public  facilities  in  the  Fens  was  made.  The  total  cost  of  these  is 
estimated  to  be  $2,600,000,  the  value  of  the  land  is  estimated  at 
$U, 999, 000  with  a  total  of  $7,599,000. 

Accordingly,  various  schemes  were  investigated  to 
retain  these  or  equivalent  values  in  place  on  the  basis  that  if  replaced 
on  the  same  site  these  costs  would  be  avoided.  In  the  case  of  the  fully 
covered  and  landscaped  tunnel  and  the  partially  covered  and  landscaped 
schemes  it  is  believed  that  the  above  costs  can  be  wholly  avoided.  The 
plans  attached  give  the  detail  handling  of  this  matter. 
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Because  cf  the  value  of  abutting  land,  values  and 
the  uses  to  which  they  Eire  part,  no  consideration  was  given  to  an 
elevated  highway  through  the  Fens. 

Other  important  utilities  which  would  he  effected 
are  as  follows: 

Southeast  Expressway  Interchange 

If  the  additional  service  road  through  the  Southeast 
Expressway  is  approved  the  circular  track  of  the  N.Y. 
N«H.  and  H.  R.B.  will  need  a  short  segment  relocated. 

Proposed  10'  X  l8'  Fort  Point  Channel  South  Bay  Conduit 
under  construction  wi3_L  be  uneffected  although  in  at 
3jeast  one  scheme  it  may  need  to  be  bridged  by  one  ramp. 

Massachusetts  Avenue  -  Hampden  Street  Utilities 

Large  gas,  sewer,  water,  telephone  and  power  facilities 
will  be  bridged  under  schemes  to  go  over  Massachusetts 
Avenue  or  be  relocated  if  the  roadway  is  depressed  as 
shown  in  other  schemes. 

Hampden-Albany-Fellows  Street  Utilities 

Large  gas,  sewer,  water,  power  and  telephone  lines  are 
effected.  To  be  handled  as  in  the  case  of  Hampden- 
Massachusetts  Avenue. 

Harrison  Avenue 

Large  sewer  and  below  groxind  power  lines  will  need  to  be 
relocated  or  bridged. 
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Washington  Street 

The  M.B.T.A,  has  £in  elevated  railway  over  this  street. 
Investigation  was  made  for  supporting  it  if  the  Inner 
Belt  Expressway  went  under  and  going  fully  over  it  if  the 
Ixmer  Belt  Expressway  is  elevated. 

The  cost  of  either  scheme  does  not  involve  sufficient 


incremental  cost  to  warrant  the  removal  of  the  elevated 
railway  under  this  expressway  project. 

Tremont-Columbus  Avenue  Utilities 

In  these  streets  and  those  aligned  nearby,  two  large 
water  -  30"  and  48",  large  sewer,  power  and  telephone 
will  need  to  he  relocated  or  bridged. 

The  M.B.T.A.  trolley  lines  on  Tremont  can  be  left  in 
place.  In  one  scheme  they  will  be  carried  on  a  bridge 
over  a  ramp  and  the  Inner  Belt  Expressway  elements,  in 
others  these  tracks  will  be  bridged. 

The  Stony  Brook  Conduits 

This  was  the  subject  of  a  separate  investigation  and  is 
treated  in  detail  in  Appendix  C .  Briefly  the  top  will 
need  to  be  reinforced  in  some  areas;  siphons  wiU  be  needed 
under  several  of  the  schemes  and  small  relocations  will  be 
necessary  to  carry  out  various  of  the  expressway  schemes 
included  in  this  report. 
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M,Y..  M»H.,  a.  H.  R.R.  Main  Line 

Except  for  bridging  over  or  under  these  lines,  no  Inter- 
ference In  the  ixresent  location  and  grade  Is  anticipated. 

Huntington  Avenue 

Ibider  all  expressway  schemes  developed  the  large  water 
(42")  sewer  {66"),   telephone,  power  and  storm  drains  will 
have  to  be  relocated  and  siphons  provided. 

The  M.B.T.A,  trolley  tracks  can  be  Incorporated  In  the 
bridge  carrying  this  street,  or  cut  back  and  discontinued 
if  this  proposed  M.B.T.A,  plan  is  carried  out  prior  to 
construction. 

The  Fenway 

The  9  foot  M.D.C.  sewer  need  not  be  touched  in  the  Fenway 
under  the  veirious  schemes  studies,  some  power,  and  the  66" 
Boston  sewer  will  be. 

Brookline  -  Boylston  Street 

Large  water,  sewer,  including  the  M.D.C. 's  9'  Muddy  River 
Conduit  will  be  disturbed  as  will  many  power,  telejdione  lines. 

The  9'  8"  conduit  now  taking  part  of  the  Muddy  River  flow 
under  Brookline  Avenue  will  need  to  be  reconstructed  in 
part  to  continue  this  seirvlce. 

M.B.T.A.  Highland  Branch 

Under  all  schemes  studies  this  line  will  be  carried  in 
its  present  location  and  grade  over  the  expressway.  Under 
a  restudy  of  the  I962  report  scheme  it  will  be  bridged  over. 
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N.Y.  Central  R.R,  -  Boston  &  Albemy  Dlvleion 

Uixler  the  schemes  studied  this  line  will  be  carried  In 
Its  present  location  and  greides  over  the  expressway. 
Under  a  restudy  of  the  I962  Report  scheme  It  will  be 
bridged  over. 

Beacon  Street 

This  street  carries  heavy  sewer,  power  and  telephone 
lines.  These  will  be  disturbed  except  the  9'  M.D.  C. 
sewer* 

The  tracks  of  the  M.B.T.A.  will  not  need  to  be  disturbed 
except  that  under  one  scheme,  to  provide  at-grade  crossings 
of  motor  vehicles  from  one  of  the  ramp  schemes  It  will 
need  to  be  paved  between  the  tracks  to  permit  this  crossing. 
Additional  electrical  safety  controls  of  the  trolley  lines 
as  they  leave  and  approach  the  subway  section  will  be 
needed. 

Along  the  Southwest  Expressway  the  following  major 
utilities  will  be  effected: 

Roxbuiy  Crossing 

To  relocate  and  provide  adequate  clearances  for  Treoont 
Street  at  Roxbury  Crossing  a  new  bridge  carrying  the 
N.y.,  N.H.  8s  H.  R.R.  is  anticipated.  Two  different 
schemes  are  shown  for  this.  Major  water,  sewer,  telephone 
and  power  11]%  changes  will  be  encovmtered. 
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Jackson  Square 

The  Stony  Brook  Btozn  water  conduit  Is  effected  here. 
Appendix  D  covers  this  matter.  Other  sewer,  water, 
telephone  and  jnwer  lines  will  be  effected. 

Along  existing  Col\unbus  Avenue  major  sewer,  water,  telephone 
and  power  lines  will  he  effected  and  are  recommended  for 
relocation  for  the  most  part. 

ACCURACY  OF  DATA 

The  studies  were  based  upon  200*  to  the  Inch  and 
100'  to  the  Inch  jdiotogrammetrlc  maps  provided  by  the  Massachusetts 
Department  of  Public  Works. 

Vertical  errors  ranging  to  5'  were  disclosed  in 
these  maps.  Wherever  available  City  of  Boston  street  emd  curb  grades 
were  used  to  correct  the  more  obvious  errors.  Otherwise  the  geometries 
are  limited  -to   the  accuracy  of  the  maps  as  corrected. 

The  location  and  ground  level  at  all  borings  were 
seijarately  determined  by  ground  survey  with  ties  to  existing  monuments 
in  the  area. 

Because  of  the  eige  of  the  maps,  field  check  was 
made  of  all  existing  buililngs  in  the  study  corridors  to  eliminate  all 
buildings  vrtiich  have  been  torn  down. 

Utility  data  was  sepeurately  obtained  from  the  records 
and  plans  of  owning  agencies. 
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STUDY  SECTIONS 

For  the  convenience  of  making  this  study  In 
relatively  homogeneous  units,  and  for  the  break  down  of  the  various 
construction  and  rlght-of-vay  cost  estimates,  the  plans,  estimates 
and  descriptions  of  schemes  studies  are  broken  down  Into  the  following 
five  sections: 

Section  1     Southeast  Expressway  Interchange  to 
Southwest  Expressway  Interchange 
Massachusetts  Avenue  to  Cabot  Street 
Station  lOKX)  to  59+70  Northbound 

Section  2     Interchange  of  Inner  Belt  and  Southwest 
Expressway 

Cabot  Street  to  Tavern  Road  and  Ruggles 
Street  to  Prentiss  Street 
Station  59+70  Northbo\md  to  80+00 
Station  ^+60  to  75+00 

Section  3     Southwest  Expressway  Interchange  to  end  of  Fens 
Tavern  Road  to  Brookllne  Avenue 
Station  80  to  U.k+   20  Northbound 

Section  k  Fens  to  Town  of  Brookllne 

Brookllne  Street  to  Beacon  Street 
Station  114+20  to  14O+-00 
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Section  5    Jackson  Square  to  Inner  Belt  Interchange 
Center  Street  to  Prentiss  Street 
Station  Ik  to  3k-¥6o 

Because  of  the  need  for  alternate  details  studied 
within  these  sections, subsections  were  determined  for  such  purpose 
These  subsections  and  the  alternates  are  described  in  the  study  text 
that  follows  for  each  scheme. 
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Scheme  A 

See  Plans         lA,  2A,   3A,  *A 
See  Profiles       PI,  P2,  P3,  P8,  P9,  PIO,  Pll, 
P21,  P22,  P25,  P26  aaid  P27 

The  principal  and  major  elements  of  this  scheme 
are  the  inclusion  of  the  verticed.  separation  of  the  two  roadways  in 
Sections  1  and  2  through  Roxbury  wherein  the  northbound  roeidway  is 
elevated  euLl  the  way  until  it  crosses  the  New  Haven  Railroad  tracks  and 
the  southbound  roadway  is  depressed  as  shown  on  Typical  Section  TS-1. 

From  the  New  Haven  Railroad  north,  both  roadways 
are  depressed  from  Parker  Street  to  beyond  Beacon  Street  at  the  end 
of  the  study  section.  This  requires  similarly  vertically  displaced 
connections  to  the  Southwest  Expressway. 

Through  the  Fens  from  Huntington  Avenue  to  Brook- 
line  Street  a  cantllevered  platform  with  side  vent  openings  is  Included 
to  carry  the  recommended  relandscaplng  of  the  Fens. 

More  detail  descriptions  are  as  follows  by  Sections: 

Scheme  A  -  Section  1      -      Southeast  Interchauage  to  Southwest 

Interchemge  (Massachusetts  Ayenue  to 
Cabot  Street). 

Connecting  with  the  existing  pavement  at  the 
Fitzgerald  Expressway  just  east  of  Massachusetts  Avenue  the  northbound 
roadway  is  tapered  out  from  its  3  lane  section  to  the  proposed  k   lane 
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section  over  Massachusetts  Avenue  suid  all  other  streets  by  means 
of  a  cantllevered,  double  pedestal  bend  design  crossing  over  the 
M.B.T.A.  elevated  at  Washington  Street  Inbetween  Madison  and 
Sterling  Street. 

The  southbound  k   leines  are  carried  depressed 
through  this  area  alongside  the  footings  of  the  above  bents. 

A  service  road  east  of  the  Improvement  and 
through  the  Southeast  Expressway  Interchange  has  been  provided.  This 
service  road  Is  not  essential  to  the  constiructlon,  without  It  this 
street  level  flow  would  be  on  Albany  Street  or  on  a  new  street  along- 
side the  road  proposed  by  the  B.R.A.  Since  It  is  estimated  that  It 
will  carry  860  vehicles  per  peak  hour  Its  deslreablllty  lies  In  that 
It  not  only  extends  the  service  road  carried  on  the  east  and  south 
sides  of  the  entire  project  (partly  along  Ruggles  Street)  but  It  re- 
moves from  turning  movements  and  weaving  operations  this  flow  from 
the  critically  loaded  Southhampton  -  Massachusetts  Avenue  section 
east  of  Albany  Street. 

This  service  road  will  require  some  rebuilding 
of  the  present  Southeast  Expressway  Interchange  to  provide  sidequate 
hesulroom  clearance  and  to  re -orient  two  bents  of  the  previously  con- 
structed works.   It  will  cost  $1,610,000.  Considering  the  traffic 
assignment  to  it  euid  Its  aid  la  deeurlng  up  tight  operations  in  the 
ground  pattern  it  is  believed  that  this  service  road  Is  warranted. 
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The  on-ramp  fram  the  Southhampton  Street- 
Massachusetts  Avenue  ground  pattern  to  the  Fitzgerald  Expressway  has 
been  located  for  rlghthajid  entering  on  the  light  volume  section  of 
this  Intercheuage. 

This  ramp  position  will  cause  the  abandonmeht 
the  left  hand  entering  ramp  previously  constructed  for  this  pur- 
pose. On  the  whole  expressway  system  this  left  hand  entering  ramp  Is 
he_oa1y  "ne.  Its  i>eculi8rlty  can  only  cause  driver  confusion  at  this 
high  volume  area*  It  will  also  cause  other  expensive  construction  to 
\y /     reduce  Its  Massachusetts  Avenue  terminal  conflicts. 

While  the  ramp  traffic  assignment  Is  not  heavy 
(lOO  vehicles  per  design  hoiir)  Its  switch  to  the  right  hand  side  Is 
considered  to  be  warranted. 

An  on-ramp  to  the  northbovind  elevated  section  Is 
provided  by  a  ramp  on  the  east  side  of  Albsiny  Street.  Albany  Street 
will  have  to  be  wldendion  the  east  side  and  operated  one  way  In  a 
southerly  direction. 


An  off -ramp  from  the  southbound  depressed  ex- 
pressway to  a  service  road  paralleling  the  south  and  east  of  the 
expressway  Is  provided  for  tiafflc  bound  for  this  vital  Industrial  and 
commercial  area. 

A  service  road  Is  also  provided  paralleling  the 
west  and  north  side  of  the  expressway.  These  service  roads.  Indicated 
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for  one  directional  flow  at  street  level,  are  proposed  at  34*  to 
38',  in  width  and  will  distribute  ramp  and  local  traffic  tp  the  var 
ious  arterial  streets  in  this  area. 
Mainline 

Pavement  width 

Maximum  curve 

MELximum  grade 


Northbound  -  62'   including  shoulders 
Southbound  -  62*     " 
Northbound  -  lUOO'  radius 
Southbound  -  lUOO*  radius 
Northbound  -  +4.0^  -  1.8^ 
Southbound  -  -bffi,0^  -  0.5^ 


Ramps 

Width 

Maximum  curve 

>bxifflum  grade 
Service  Roads 

Width 
Streets  closed 


26* 

125'  radius 


East  Side  -  3^'  -  38' 
West  Side  -  3^'  -  38' 

Reading  Street 
Webber  Street 
Chadwick  Street 
Fellows  Street 


Architectviral  rendering,  Exhibit  2  is  looking  North  on 
this  section. 

Modlfieations  within  Scheme  A,  Section  1. 

PlEua  sheets  11  and  IC  show  variations  in  the 
ground  ajad  ramp  pattern. 
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ROXBURY  SECTION 

VIEW  FROM  HARRISON  AVENUE  LOOKING  NORTHWEST 
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Scheme  A  -  Section  2 

Interchange  of  Inner  Belt  suid  Southwest  Expressway. 

The  position  of  the  two  roadways  of  the  Inner 
Belt  remain  the  same  through  this  area  with  the  northbound  lanes 
elevated  and  the  southbound  depressed  to  Parker  Street  from  which 
point  they  are  both  depressed  under  Parker  and  Huntington  Avenue. 

In  order  to  permit  the  ramps  connecting  the  north- 
bound laneg  with  the  Southwest  Expressway  to  be  carried  over  the  south- 
bound lanes  with  single  spans  of  the  concrete  box  girder  type  used  on 
the  remainder  of  the  elevated  structure,  it  was  necessary  to  separate  the 
north  and  southbound  lanes  far  enough  to  reduce  the  crossing  skew.  The 
maximum  distance  between  roadway  centerlines  is  approximately  220  feet. 

Between  the  leaving  and  entering  ramps  servicing  the 
Southwest  Expressway  the  lanes  along  the  Inner  Belt  have  been  cut  to 
three.  Substantially  reduced  traffic  requirements  at  this  section  per- 
mit this  reduction. 

The  connectors  to  and  from  the  Southwest  Expressway, 
four  in  number,  are  each  two  lanes  with  disabled  vehicle  shoulder  of 
10  feet  on  the  right  and  clearance  shoulder  of  4*   on  the  left.  These 
connectors  are  laid  out  for  kO   mph  operating  speed  to  avoid  taking 
any  of  the  buildings  in  the  Roxbury  housing  project  off  Ruggles  Street. 

Service  roads  are  provided  on  each  side  of  the 
Inner  Belt  through  the  interchange.  Ruggles  Street  performs  this  ser- 
vice for  part  of  the  service  road  on  the  west.  A  new  service  road  is 
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proposed  for  the  remainder  of  the  way. 

The  east  service  road  follows  existing  Windsor 
Street  to  Shawmut  Avenue  and  thence  on  new  alignment  to  Parker  Street. 

Tremont  Street  provides  the  southside  service 
road  in  the  interchange  area.  No  change  in  location  is  required.  It 
is  recommended  that  it  be  operated  one  way  downtown. 

Columbus  Avenue  provides  the  northwest  side 
service  road  through  the  interchange.  It  will  require  relocation 
against  the  New  Haven  Railroad  embankment.  It  is  recommended  that  it 
operate  one  way  south. 

A  northbound  on-ramp  from  the  east  service  road  v^j^jL.^ 
to  the  northbound  roadway  of  the  Inner  Belt  Expressway  is  provided.  ^^  ~JsLAjtL^ 

A  southbound  off -ramp  from  the  southbound  express-  /  (/ 
way  to  the  eastside  service  road  and  Tremont  Street  is  provided. 

In  positioning  the  roadways  and  ramps  in  this 
Interchange  a  set  of  direct  connecting  ramps  from  the  proposed  B.R.A. 
Southend  by-pass  to  the  Southwest  Expressway  are  proposed.  They  are 
shown  in  plan  2R.  When  the  southend  by-pass  is  built  their  ramps  will 
be  very  useful  and  will  permit  the  reduction  in  traffic  usage  proposed 
by  the  B.R.A.  Until  that  time  the  one-way  pairing  of  Tremont  and  Columbus, 
proposed  herein  will  amply  handle  their  flows. 

While  these  direct  connecting  ramps  are  recom- 
mended their  constructlqn^shouM  be  delayed  until  the  Southend  By-pass 
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This  will  suspend  the  expenditure  of  $2,102^000 


the  value  of  these  ramps. 


Mainline 


Pavement  width 


Maximiun  curve 


Maximum  grade 


Northbound   50'  -  62'  including 
Southbound   50'  -  62'    shoulders 

Northbound   4600'  radius 
Southbound   4600'  radius 

No rthbound  _.  -ju 5l    (©  .  '^'S/,     a 

~Sou-fe"h"tou^^^^^^^5T3%" 


Connectors 

To  and  from  Southwest  Expressway- 


Width 

Maximum  curve 

Maximum  grade 
Ramps 
To  and  from  ground  pattern 

Width 

Maximum  grade 
Service  Roads 

Width 


38* 

600'  radius 
+4.8^,  -5.0^ 


22' 

+5  .5^,  -h.'^lo 


6.2-r 


7 


East  Side  3k' ^"^ 

West  Side  3*^'-^ 

Ruggles  Street  50'- 

Tremont  Street  58' 

Columbus  Ave.  38'  - 


.'jgi.i^^^' 


? 


4' 


Streets  closed 

Cabot  Street  on  west 
Weston  Street 
Leon  Street 
Tavern  Road 
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Architectural  rendering,  Exhibit  k,    shows  a  view  of  this 
interchange  area. 

On  one  of  these  altermates  the  existing  left 
hand  entering  ramp  is  maintained.  Both, otherwise  maintain  more  nearly 
existing  street  patterns.  Since  this  is  a  congested  area  from  the 
stand  point  of  street  traffic  flows  and  ttirning  movements  the  plan, 
shown  on  plan  sheet  lA  is  preferred. 
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THE  INTERCHANGE 

VIEW  UNDER  THE  INTERCHANGE 
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Scheme  A  -  Section  3 

Tavern  Road  to  Brookline  Avenue 

Through  this  area  both  roadways  are  depressed 
and  adjacent.  They  are  covered  in  part  by  a  cantilevered  "T"  section 
to  permit  the  replacement  of  a  landscaped  area  over  the  roadways.  A 
20  foot  opening  running  longitudinally  along  each  side  and  over  the  right- 
hand  lane  and  shoulder  has  been  provided  to  reduce  ventilating  costs, 
provide  daylight  and  permit  fire  fighting  so  that  dangerous  cargo 
verhicles  will  not  be  excluded  from  using  this  section.  Emergency  fire 
doors  and  exits  are  provided  for  in  the  cost  estimate. 

The  roadways  are  adjacent  in  the  block  between 
the  Fenway  and  Htmgtington  Avenue.  This  will  permit  extension  of 
the  Fens  landscaping  to  Hungtinton  Avenue  to  replace  that  lost  in 
Section  k  between  Brookline  Avenue  and  the  Highland  Branch  of  the 
M.B.T.A.  and  it  reduces  the  forced  alignment  of  the  Inner  Belt  Ex- 
pressway which  would  be  necessary  at  this  critical  iraint  to  avoid 
taking  the  properties  in  this  block. 

While  this  recommendation  increases  the  cost  of 
right-of-way  it  permits  better  alignment  and  it  reduces  construction 
costs  which  would  be  encountered  in  protecting  these  structures  during 
construction. 

Alternate  plans  for  the  saving  of  these  buildings 
are  shown  on  plan  sheets  3C  and  3D  which  demonstrates  their  conditions. 
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A  service  road  is  provided  on  the  west  side  only 


along  existing  Fenway.  This  road  Is  needed  to  service  institutions  on 
this  existing  street.  With  the  ramp  provided  southeast  of  Parker  Street 
and  the  limited  use  of  the  expressway  in  this  area,  a  full  service  road 
on  the  east  side  in  not  believed  warranted. 


The  section  of  Park  Drive  adjacent  at  this  section 
is  recommended  for  expansion  to  h   lane  operating  width  to  match  with  the 
rest  of  ^ark  Drive. 

One    off  rajTip  from  the  northbound  roadway  starts   in 
this   section  for  traffic  wishing  to  go  to  the  Park  Drive  and  Beacon  Street 
area. 


Lighting  will  be  necessary  in  this  partial  tunnel, 
which  is  3600  feet  long.   Some  ventilation,  too,  will  be  needed.  They 
are  both  provided  for  in  the  construction  cost  estimate. 
Mainline 


Pavement  width 

Maximum  curve 
Maximum  grade 

Ramps 

Pavement  width 
Maximum  grade 

Service  Road 

Width 


Northbound   62*  including  shoulder 
Southbound   62'     "        " 

i4-600'  radius 

Northbound   +0.U^,  -4.5^ 
Southbound   +0.5^,  -O.i^^ 


26' 

+  5.5^,  -^.: 


Fenway  -  existing  width,  3^' 

where  realigned 
Park  Drive  -  50' 
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streets  closed 

Avenue  Louis  Pasteur 
Architectural  sketches  in  Exhibits  5  and' 6  depict  this  section. 

Alternate  conditions  studied  in  this  area  include: 

a.  Separate  tunnels  between  the  Fenway  and  Huntington 
Avenue  to  reduce  the  cost  of  right-of-way.  This  alternate 
is  shown  on  plan  sheet  3C.  This  alternate  forces  the  align- 
ment of  the  main  raodways  at  a  point  near  the  connectors  t« 
and  from  the  Southwest  Expressway.  This  sharpened  curvature 
will  obscure  the  ramp  openings  for  these  very  heavy  two  lane 
flows  not  unlike  the  hidden  ramp  from  Route  128  to  U.S.  Route  1 
in  Dedham  and  will,  it  is  believed  cause  considerable  traffic 
operating  difficulty.  In  the  1962  Report  where  this  split 

was  recommended  the  ramps  to  and  from  the  Southwest  Espressway 
were  far  enoiigh  away  not  to  cause  this  trouble.  Due  to  the 
change  in  location  of  the  interchange,  however,  this  al- 
ternate is  considered  inadvisable.  The  saving  in  right-of- 
way  cost  would  be  $l,6l5,000  which  wavild  be  partially  offset 
by  an  increase  ti  construction  cost  to  support  the  buildings 
during  construction  and  to  provide  service  to  them. 

b.  A  full  tunnel  section  through  the  Fens  without  the  longi- 
tudinaO.  openings  is  shown  on  Typical  Section  TS-5.  This 
alternate  would  increase  the  lighting  costs  and  materially 
increase  the  ventilating  costs.  Further  it  wovild  require 
either  large  ventilation  shafts  over  the  tunnel  in  the  Fens 
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THE  FENS 

VIEW  FROM  BROOKLINE  AVENUE  LOOKING  SOUTH 
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BRIDGE  AT  RIVERWAY 

VIEW  FROM  FENS  LOOKING  NORTH 
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area  or  numerous  smaller  shafts  at  as  close  sp6u:el  ng  as 
100  feet  to  reduce  the  ventilation  ducts  euid  costs. 

More  importantly,  vehicles  carrying  dangerous 
cargoes  would  be  excluded  from  this  section  and  would 
therefore  have  to  leave  the  Southwest  Expressway  near 
Jackson  Square  or  at  Massachusetts  Avenue.  Since  all 
vehicles  cause  their  proportion  of  traffic  congestion 
and  hazard  on  the  streets  euid  all  vehicles  are  taxed  for 
this  Interstate  program,  it  does  not  appear  warranted  to 
proceed  with  a  design  in  this  manner. 

c.  A  third  alternate  is  to  leave  the  expressway  in  open 
cut  through  the  Fens. 

This  would  save  $8,510,000  but  it  would  wholly 
destroy  the  Fens  for  this  entire  stretch  and  adversely  affect 
the  institutions  abutting  this  public  park. 

The  saving,  in*iting  though  it  might  be,  is  not 
considered  warranted  particularly  since  the  land  value  of  the 
Fens  ($^, 999*000)  and  the  replacement  cost  of  the  existing 
landscaping  and  recreational  facilities  would  have  to  be  re- 
placed at  a  cost  of  $2,600,000  thus  reducing  the  savings  to 
$911,000. 

d.  The  possibility  of  an  off  ramp  from  the  southbound 
roadway  to  Huntlligton  Avenue  was  considered.  This  alternate 
ramp  would  conflict  with  the  acceleration  leine  for  the  on 
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ramp  coming  from  the  Beacon  Street  Intercheuige  and  would 
be  close  to  the  off  connector  to  the  Southwest  Expressway. 
Driver  confusion  and  forshortened  weaving  distances  would 
result. 

Since  an  adequate  ramp  can  be  put  in  to  Tremont 
Street  as  shown  on  plan  sheet  2A,  this  ramp  would  not  be 
warranted.  Both  are  not  needed  and  thee  operating  character  - 
istlcs  of  the  ramp  to  Tremont  Street  are  materially  better. 

e.  A  service  road  connection  from  Huntington  Avenue  to  Park 
Drive  on  the  east  side  of  the  Expressway  is  shown  in  Plan 
Sheet  3D. 

This  service  road  is  not  needed  since  the  same 
service  is  provided  by  the  ramps  either  side  of  this  area  and 
by  the  under  capacitied  expressway  here.  Such  a  service  road 
would  further  cut  up  the  Fens, cost  $198,000  for  construction 
and  cost  $513 > 000  additional  for  laud  and  replacement  of  re- 
creational facilities.  It  is  not  recommended. 
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Scheme  A  -  Section  k 

Brookllne  Avenue  to  Carlton  Street 

In  this  scheme  all  lanes  of  the  Inner  Belt  through 
this  section  are  adjacent  and  below  ground  and  pass  under  Brookline 
Avenue,  under  the  Boston  and  Albany  division,  under  the  Highland  Branch 
of  the  M.B.T.A.  and  under  Beacon  Street. 

No  landscaped  platform  is  provided  because  of 
the  need  for  the  roof  space  for  ramps  necessary  to  serve  the  Beacon 
Street  to  ajid  from  the  Street  pattern  interchange. 

Because  of  the  configuration  of  the  interchange  it 
was  necessary  to  go  beyond  the  Brookline  Town  Line  to  accomplish  this 
set  of  ramps. 

The  profile  of  the  main  line  roadways  is  held  at 
a  position  to  permit  connection  within  standards  to  a  connection  with 
the  Charles  River  Crossing  whether  it  is  by  bridge  or  tvinnel. 

As  stated  previously,  it  is  considered  best  that 
this  interchange  be  located  in  the  Beacon  Street  area  to  keep  the  ramps 
as  far  from  the  Southwest  Expressway  Interchange  as  possible  for  smoother 
trsiffic  operating  conditions.  The  tight  ramp  pattern,  which  keeps  the 
expressway  ramp  left-turning  and  cross  movements  separated  from  Beacon 
Street  is  elongated  and  of  minimvun  curvature  to  reduce  land  takinggin 
Brookline.  Particularly  it  was  desired  to  miss  the  large  apartment 
building  on  Mddfield  and  St.  Mary's  Streets. 
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Park  Drive  was  left  intact  on  the  eastslde  to 
serve  as  a  service  road  between  Brookline  Avenue  and  Beacon  Street,  a 
similar  service  road  is  proposed  on  the  west  side  between  Beacon  euid 
Brookline  and  lines  up  with  the  Fenway.  These  service  roads  distribute 
not  only  locaJ.  traffic  but  on  and  off  ramp  traffic  to  Beacon  Street, 
the  riverway  westbound,  Brookline  Avenue,  Boylston  Street  and  the  Fenway. 

All  movements  including  the  weaving  sections  have 
been  checked  and  are  considered  adequate  for  the  traffic  volumes  pro- 
jected^ 

Because  of  the  large  volume  of  passenger  traffic 
along  the  Riverway  to  and  from  Park  Drive  a  sp6arate  bridge  is  provided 
to  directly  connect  these  two  arteries  and  keep  this  traffic  out  of  the 
Fenway-Brookline-Boylston  Street  intersection.  It  is  projected  that 
this  bridge  will  remove  16,000  vehicles  per  day  from  this  intersection 
or  870  per  hour.  The  attraction  of  the  new  bridge  at  Park  Drive  and 
Commonwealth  Avenue  now  being  built  by  the  M.D.C.  may  cause  these 
volumes  to  be  exceeded. 

Consideration  was  given  to  placing  this  bridge 
into  Boylston  Street  instead  of  Park  Drive.  Such  an  alignment  would 
not  serve  the  two  directional  flow  provided  by  the  M.D.C. 's  new  bridge 
over  Commonwealth  Avenue  since  its  approach  configuration  does  not  permit 
easy  access  from  this  section  of  Boylston  Street  to  the  M.D.C. 's  new 
bridge. 

Without  this  bridge  the  additional  87O  vehicles 
per  hour  through  the  Brookline  Avenue-Fenway  Park  Drive  intersection 
would  not  work  at  all.  Jug  handle  chamnelization  would  be  of  little 
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help  and  the  flow  from  Park  Drive  westerly  to  the  Rlverway  If  left 
on  the  street  level  would  Increase  the  congestion  at  the  weaving 
sections  on  the  west  side  service  road  as  well  a^  adding  to  congestion 
on  Park  Drive  in  front  of  the  Sears,  Roebuck  Retail  Store. 

The  effect  of  this  additional  congestion  in  these 
three  areas  would  cause  back  ups  on  the  ramps  which  could  effect  the 
operation  of  the  Inner  Belt  itself. 

Exhibit  6  shows  a  perspective  of  the  proposed 
bridge  connecting  the  Rlverway  with  Park  Drive. 

Figures  1,  2  and  3  are  the  traffic  patterns  of 
the  various  effects  which  involve  this  bridge.  Figure  one  shows  the 
1985  turning  movements,  ramp  flows  and  weaving  volumes  with  the  bridge. 
Figure  two  shows  the  turning  movements,  ramp  flows,  weaving  vol\anes 
if  the  bridge  is  not  built  but  if  the  traffic  still  desires  to  use 
the  Riverway-Park  Drive  complex  to  Commonwealth  Avenue,  Boylsbn  Street 
and  Storrow  Drive. 

Figure  three  shows  this  latter  condition  but  on 
the  assumption  that  much  of  the  Rlverway  flow  tried  to  use  Brookline 
Avenue  far  in  excess  of  its  cai>acity.  Considering  the  institutions^ 
and  pedestrism  use  of  this  section  of  Brookline  Street  these  added 
flows  would  be  hazardous. 

It  is  believed  that  in  order  to  peimlt  the  Inner 
Belt  ramps  to  operate  efficiently  to  get  on  and  off  the  Expressway,       ^  ; 
this  bridge  estimtatdd  to  cost  $1,121,000  is  warranted.  Jto-*'*"''^ 


l^J^ 
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Mala  Line 


Pavement  width 


Northbound  -  62'  Including  shoulder 
Southbound  -  62'    "        " 


Maximum  cuirve 

4600'  radius 

Meuclmxan  grade 

Northbound  +3, 

.4%  -2.25 

Southbound  +2, 

.257.  -3.4% 

Ramps 

Width 

26* 

Maximum  curve 

125'  radius 

Maximum  grade 

6.0^ 

Streets 

closed 

Buswell  Street 

and  Euston  Street 

In  Brookllne 

As  modifications  to  this  scheme  an  attempt  was 
made  to  reduce  the  vertical  depth  of  the  expressway  by  having  the 
ramp  flows  handled  at  grade  on  Besujon  Street. 


Figure  four  shows  the  ramp  flow  which  would  cross 
or  make  turns  on  Beacon  Street.  Inasmuch  as  Beacon  Street  Is  under 
present  operating  conditions,  handling  close  to  its  capacity  it  is  not 
believed  warranted  to  attempt  to  place  the  left  turns  and  crossing  move- 
ments at  grade  on  this  street.  Such  an  operating  arrangement  would  back 
up  traffic  on  the  expressway  ramps  and  produce  congestion  on  the 
expressway. 

Two  schemes  to  do  this  were  considered   one  shown 
on  plan  sheet  3B  shows  all  movements  at  grade.  The  other  shown  on  plan 
sheet  3  A  shows  the  on-ramp  cross  flows  only  handled  by  separation 
structures.  The  all  grade  condition  would  save  $468,000  but  would  produce 
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FIGURE    4 


Scheme  A  -  Section  5 

Southwest  Expressway  From  Centre  Street  to  Prentiss  Street 

In  this  section  all  lanes  In  each  direction  are 
carried  on  embankment  and  adjacent  to  each  other.  Provision  is  made 
for  a  relocated  Columbus  Avenue  adjacent  to  the  New  Haven  railroad 
embankment  to  the  west. 

The  terminal  section  at  Jackson  Square  is  drawn 
as  though  the  extension  of  the  Southwest  Expressway  would  remain  east 
of  the  railroad  tracks.  We  have  been  informed  that  this  may  change. 
Until  a  decision  is  reached  regarding  the  location  of  the  next  section, 
the  plan  shown  here  is  purely  tentative. 

In  this  scheme  Tremont  Street  relocated  is  con- 


sidered one  way  into  town  and  Columbus  Avenue  one  way  out.  Ramp  con- 
nections are  made  to  these  service  roads  to  pick  up  and  distribute  the 
traffic.  Space  for  these  ramps  is  provided  for  in  plan  sheet  kA,   which 
may  be  used  for  any  of  the  schemes  presented  herein. 

Main  Line 

Pavement  Widths    Northbound  62' 

Southbound  62' 

Maximum  curve      3000'  radius 

Maximum  grade     Northbound  +0.5%    -3.5Z 
Southbound  +3.5%     -0.5X 


Ramps 


Pavement  width     26' 

Maximum  grade     +4.9X       -4.0% 
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THE  INTERCHANGE 

DRIVERS  VIEW  APPROACHING  BOSTON 


THE  CLARKESON  ENGINEERING  COMPANY 
CAMPBELL,  ALDRICH  AND  NULTY  ARCHITECTS 


Service  Roads 

Tremont  Street 
Pavement  width 
Maximum  curve 
Maximum  grade 


38' 

1000'  radius 

+4.9%     -4.87. 


Colvmibus  Avenue 
Pavement  width 
Msucimum  curve 
Maximum  grade 


38' 

3000'    radius 
+5.0%  -4.0% 
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SCHEME  B 

Scheme  B  -  Section  I  euid  II 

See  plan  sheets  IB  £md  2B 

See  profile  sheets  PI,  P2,  Fk,   P12,  and  P13 

The  principal  difference  between  this  scheme  and 
scheme  A  is  the  method  of  vertically  separating  the  main  line  Inner 
Belt  Expressway  main  roadways,  between  Massachusetts  Avenue  and  Parker 
Street. 

The  northbound  roadways  are  mounted  directly  above 
the  southboTind  roadways  in  this  area  thus  permitting  a  substantial 
reduction  in  the  width  of  right  of  way  required  through  this  area 
including -the  Southwest  Expressway  intercheuige. 

All  other  details  of  ramps,  service  roads,  etc. 
of  scheme  A  are  retails  d  euid  the  section  from  Parker  Street  through 
the  Fens  to  Carlton  Street  in  Brookline  are  the  same.  The  Southwest 
Expressway  is  the  same  as  for  scheme  A. 

However,  all  of  the  alternatives  mentioned  in 
scheme  A  are  applicable  to  this  scheme. 

Typical  Section  TS-7  shows  the  principal  char- 
acteristics of  this  scheme  as  it  differs  from  scheme  A  as  shown  in 
Typical  Section  TS-1. 
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The  perspective  structural  arrangement  is  shown 
In  Exhibit  3. 

Obviously,  a  considerable  difference  in  property 
teiking  and  buildings  to  be  demolished  Is  realized  by  scheme  B. 


Resldentlals  displaced 

for  scheme  A 

275 

for  scheme  B 

201 

Commercials  displaced 

for  scheme  A 

78 

for  scheme  B 

67 

Industrleds  displaced 

for  scheme  A 

^+5 

for  scheme  B 

28 

The  principal  disadvantage  to  this  scheme  is  that 
all  southbound  Inner  Belt  traffic  will  be  operating  on  a  less  open  and 
daylighted  roadway.  Although  it  is  expected  that  the  northbound  roadway 
will  be  up  to  45  feet  above  the  gro\ind  similar  cases  of  this  type  of 
design  in  New  Jersey  indicate  a  dreariness  in  the  lower  roadway. 

For  the  section  of  change  from  Massachusetts  Avenue  to  Parker  Street: 

Main  Line 

Pavement  width     Northbound   62'  including  shoulder 
Southbound   62'     "      " 
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Ramps 


Pavement  widths 
Maximum  curve 
Maximum  grade 


26' 

250*  radius 

-5.5^    +4.0% 


Service  Roads 

Pavement  width 
Maximum  curve 
Maximum  grade 


3k*  and  38' 
300*  radius 
+4.2%     -4. OX 


THE  CLARKESON  ENGINEERING  COMPANY,  Inc. 
kk. 


SCHEME  C 


See  plan  sheets  IC,  2C  and  3B 

See  profile  sheets  P2,  P3,  P6,  P8,  Pll,  Pll+, 

P15,  Pl6,  P21,  P22,  and  P23 


Since  the  corridor  of  the  Inner  Belt  was  pinned 
down  by  prior  approvals  eulternates  such  as  this  cover  the  same  center 
line  and  general  geometries  as  scheme  A,  The  principal  difference  is 
in  the  treatment  in  section  1  where  all  maiiiline  expressway  roadways 
are  depressed  throiigh  Roxbury  in  open  cut  section. 

The  Typical  Section  for  this  section  is  shown 
in  TS-2. 

As  presented  in  plaxi  the  interchange  with  the 
Southwest  Expressway  remains  partly  elevated  and  partly  depressed  as 
in  schemes  A  and  B.  An  alternate  was  studied  for  this  scheme  axid  the 
costs  are  shown  for  depressing  all  major  elements  of  this  interchange 
(section2).  Because  of  the  complexity  of  rsunps,  and  existing  street 
pitte^rns  the  interchange  and  mainline  elements  are  lowered  further  into 
the  ground  and  become  more  costly.  Even  with  such  lowering  of  the  ex- 
pressway and  its  ramps  one  connector  was  kept  above  to  avoid  greatly 
excessive  costs  and  construction 


Main  Line 


^^^^:^^  (i^ -^  ^-^iSSn^^^*^ 


Pavement  width     Northbound   62'  including  shoulder 

Southbound  62*         "        " 
Maximum  curve     1^00'  radius 

Maximum  grade     Northbound    +4. OX     -4.5Z 
Southbound    +4. OX     -2.25X 
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Ramps 

Pavement  width     27* 

Msucimum  grade     +6.0%     -6.0% 

Connections  to  Southwest  Expressway 

Pavement  width  38' 

Maximum  curve  600'  radius 

Maximum  grade  +4.0%     -5.0% 

Service  Roads 

Pavement  width  3^'  and  38' 

Maximum  curve  300*  radius 

Msucimum  grade  +4.25%     -4.0% 

All  of  the  modifications  which  apply  to  schemes 
A  and  B  in  V8urious  localized  areas  apply  equally  to  this  scheme  and 
can  be  considered  as  possible  modifications  thereof. 

Because  the  side  by  side  arrangements  of  the 
below  ground  mainline  elements  of  the  Inner  Belt  a  greater  width  of 
right-of-way  will  be  required.  Scheme  A  saves  approximately  kO   feet 
of  this  width  and  scheme  B  approximately  70  geet  of  this  width. 
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OTHER  SCHEMES 

Consideration  was  bIbo   given  to  the  plem,  profiles 
and  cost  of  the  scheme  as  developed  and  reconmended  in  the  1962 
Expressway  Report  with  the  chemge  in  location  of  the  Southwest  Espressway 
and  interchange  to  the  proximity  of  the  New  Haven  R.R.  embankment. 

This  scheme  is  still  being  worked  on,  its  cost  of 
construction  and  right-of-way  being  developed  and  will  be  the  subject 
of  a  supplemental  report. 
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Physical  Effects  on  Property  Takings 

On  Table  1.  Is  summarized  the  numbers  of 
buildings  by  various  classifications  taken  by  each  of  the  schemes  as 
presented  here  and  by  that  modification  which  leaves  the  block  between 
Huntington  Avenue  and  the  Fenway. 

As  shown  in  this  table  the  least  damaging  to 
business,  residences,  etc.,  is  by  scheme  B  in  which  the  northbound 
roadway  is  directly  above  the  southbound  roadway.  This  is  obvious 
since  it  takes  a  considerably  reduced  width  of  right-of-way  through 
the  Southwest  Interchange  and  through  the  Roxbury  section  to  Massachusetts 
Avenue . 

Although  ground  contours  indicate  on  scheme  B 
that  the  service  roadways  need  to  be  widely  spaced  through  the  South- 
west Interchange  it  is  assumed  that  buildings  between  the  interchange 
and  the  service  road  can  continue  to  operate  and  not  be  coneidered  within 
the  taking. 

While  scheme  A  saves  about  ^0  feet  of  width  req\iired 
through  Roxbury  the  position  of  the  raodways  and  its  cUrvature  euad 
relation  to  service  drives  does  not  reduce  the  niunber  of  buildings 
tsQten  from  that  of  scheme  C,  the  wider  fully  depressed  section.  The 
great  amount  of  open  land  existing  in  Roxbury  due  to  prior  demolition 
also  reduces  these  differences. 
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Coat  Estimates; 

Table  II  which  follows  shows  the  estimated  con^ 
struction  costs  and  estimated  costs  of  rights-of-way  for  each  scheme, 
broken  down  by  the  previously  described  construction  sections. 

These  construction  cost  sections,  five  in  all 
Including  the  section  of  the  Southwest  Expressway,  also  are  our  recom- 
mendation for  breaking  this  work  into  construction  contracts.  Al- 
though some  are  slzeabie  the  largest  for  section  One  have  a  continuity 
of  construction  permitting  the  greatest  construction  economy  due  to 
repetitive  type  of  work. 

Full  consideration  was  taken  in  arriving  at  unit 
designs  and  unit  prices  for  the  greatest  use  of  pre-cast  type  of  con- 
struction. Since  this  type  gives  not  only  better  control  of  concrete 
and  other  items  but  permits  year  round  constiruction  and  other  economies. 

The  total  cost  of  the  facilities  for  the  Inner  Belt 
are  surprisingly  close  though  considerable  difference  dOes  exist  in  the 
various  construction  types.  The  cheaper  group  is  with  all  constiruction 
under  ground,  Scheme  Cj  and  when  the  landscaped  platform  is  omitted 
from  the  Fens  area  and  the  Beacon  Street  Interchange  involves  all 
turning  movements  at  grade.  If  the  Fens  is  covered  either  by  a  can- 
tllevered  platform  or  full  tunnel  section,  when  the  Fens  is  thus 
restored  the  total  cost  of  this  scheme  is  comparable  to  the  others 
considered. 
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COSTS 
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2,3  79 

2.57? 

4 

Construction 

^o.  ^37 

79,    <£S^ 

20.383 

2  a,  7  7r 

/eg  2  0j?- 

20  .  yj/ 

2  0,  73/ 

20,73/ 

2c.y3/ 

2  q  73/ 

2c     ■37 

2c^   yJ/ 

2o  7S/ 

Riqht  of  Wau 

S.3S3 

s:  3^3 

^  393 

S,333 

£.  P2f 

i:  3a3 

r  3SJ 

3:3&'3 

7:333 

r.  3  &3 

S.  3  S3 

J7  333 

S:3S3 

TOTAL  Const 

37,2^3 

S<iy73S 

37  'f-So 

SS.fforr 

7S,  &sa 

S739C 

S9  i7y9 

a  9  &.  2 

a3.7<^£- 

■94  7^^ 

3  7,  2/2 

S7,  a/9 

aa,  i/'8 

TOTAL  R.O.IA/. 

/7  a^o 

7Z  ojo 

77  OSo 

/  7,  a 30 

23,79  / 

7  7,  3-<23 

yr:  ^7< 

yx  <S  9  2 

7?,S70 

/?,  03  0 

^7  yos- 

70,,  93& 

77  22S 

TOTAL  C03T 

/c<?.^  23  3 

7o3,y<is 

/o<},9a£- 

ycis^  &3  7 

/o/..  S79 

/o^,  9J9 

/£!9^S3^ 

7tf  J-  3  0  'f 

/0&33  S 

7^779  £ 

/c  4,3/7 

/o/^«  as 

'°^8  43 

BELOW  safTTlTl 

1 

Construction 

^^,  9^s 

22,  92  a. 

22  923 

22,923 

2S.  239 

22,  9^3 

22,92B 

22,92  3 

22,  929 

y  6,334 

22,903 

22,  <:=£& 

243*2 

Right  of  Wau 

s,3&a 

3,  3  &^ 

3,3C.^ 

S.3&'^ 

3,  3C^/ 

3,  .?-Sv 

3,  3  £9' 

3  3&^ 

3,3^4 

3,3  C^ 

3,439 

3,  3Z<^ 

3.  1-3-9 

Z 

Construction 

7:9.  2J9 

78,239 

,a,239 

^9,23  9 

23  S-<f3 

yS.  239 

/S,  239 

,  e  229 

,9,^c^ 

73,239 

.9.239 

/S.  239 

/8.  239 

Right  of  Woy 

2  ^>3- 

7,  S9^- 

7.  393- 

7  &93- 

7  S9S 

7    S9S 

Z  89 y 

7.  5'9£- 

$,433- 

7  ^93- 

7,S^:r 

7.  5  9j 

7,  993- 

3 

Construction 

/Z  73S 

7  7,  7:-S 

7  7,  .SS- 

24.,3'30 

79,039 

77  3'^9 

7  9,  9y  7 

-?o,  yyy 

7Zy£-^<- 

yZ/S3- 

J  7,  .'SS 

7  7 /SS- 

77. /S^ 

Right  of  Wai/ 

-*  7,5-99 

-k  7,  S99 

*7,S99 

2,  B79 

i(-2S99 

*a  -v  2 

*  &.  '  3<f- 

-*  €.39^ 

■K  7,5-99 

iiZS-99 

*7,T99 

fZ  ^99 

9,7.S-99 

4 

Construction 

yS.  20S- 

.-7  9>a7 

7S,  £88 

Zc,/29 

7  c?  20  S 

7S^  ZaJ- 

7S,  ZaS- 

7S'  2oi- 

yS',  2c,s- 

TVjaoff- 

7  3  2  a  i' 

73  2CJ- 

/3,Zai 

Right  0^  Waii 

&,  5^<2 

6  S24 

&   92t^ 

X3S3 

<S,  S241- 

<S,  324 

a,  92  4 

<Sj  S24 

<s.  324 

S,ff24 

S.  S24 

S,  S24 

C,  S24 

TOTAL  Const 

7&  se? 

76,229 

76.    ^SO 

SS,97i, 

se  o2/ 

76   727 

7P.  2S'i' 

79,  '433 

7^  c^A 

7  a,  ■^JS 

7C  ro  Z 

7<3  2'c-- 

7  7  94/ 

TOTAL  RQ.W 

2i-&ez 

ZS:  e,3Z 

2S.&SZ 

/9  i-2J 

zreez 

2 a.  /9S 

?<?  2/7 

2  4.^7? 

24,  222 

ZS.  i,SZ 

2  f  7S7 

ZSG2S 

23  377 

TOTAL  COST 

-'o  2,  ^  0  9 

ya7,  9  /  / 

702^6  3  Z 

^os-^3  3  7 

yy /,  7a3 

/o  Z    9  /-  S 

yo  3,s  oc 

yc3,9C  cj 

7a  2,  3  /  0 

9  6///^ 

yoz,Zs9 

70 /^  9  0  3 

ya3je  '  9 

OMITTEOnnV" 

5 

Construction 

3:2£S- 

4  se3~ 

RiqW  of  Wail 

£.23/ 

<z,  23/ 

1 

'OTAL  C05T 

//  <^  9  S 

//,  C9  S 

1.  Massachusetts  Avenue  to  Cabot  Street. 

Z.CaboiSfreef  fo  Tavern  flood  and  Prentiss  Street  to  Rugqiei   Street. 
COST  SECTIONS      5. Tavern    Road   to   Brookline  Avenue- 
4-.Brookline  Avenue   tcCarltori   Street, 
5.Jack,son  Squareto  Prentiss  Street. 

*NOTE- Right  of  Way     costs   marked   thus    *  include    i2,(h00,000  for  the   creafion   of   park  focilitiej  equivolent   tc  the    Fens. 


In  Appendix  D  the  detailed  breakdown  by  construction 
types  Is  shown  for  each  scheme  and  modification  thereof. 

The  groupings  shown  In  the  table  are  those  which 
appear  to  us  to  be  most  logical.  However,  other  mixes  of  the  same 
spread  of  modifications  make  many  more  variations  available  for  considera- 
tion. 

Where  available  local  unit  prices  were  used  to  de- 
termine unit  prices  where  they  were  not  available.  Built  up  estimates 
were  arrived  at  from  several  sources  for  comparison  before  their  use. 
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I .   INTRODUCTION 


The  soils  and  foundations  report  as  part  of  the  study 
of  porposed  Interstate  Routes  695  and  95  presents  the  subsurface  conditions 
which,  from  an  engineering  point  of  view,  strongly  Influence  the  structural 
design  and  vertical  alignment  of  the  project. 

This  report  summarizes  the  results  of  soil  invest- 
igations conducted  by  Clarkeson  Engineering  Company,  Inc.  for  the  Inner 
Belt,  from  Massachusetts  Avenue  to  Beacon  Street  and  the  Southwest  Express- 
way, from  Jackson  Square  to  Ruggles  Street. 

Data  from  the  subsurface  investigation  and  construction 
experience  from  the  Massachusetts  Turnpike  Extension,  the  Prudential  Center 
and  other  structures  in  the  Greater  Boston  area  are  also  utilized  in  this 
report. 

Conclusions  and  recommendations  are  developed  on  the 
basis  of  available  data. 
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II.   SUMMARY  OF  CONCLUSIONS  AND  RECOMMKMDATIONS ; 


1)  Soil  Conditions:   The  Inner  Belt  Expressway  is 
located  in  a  region  where  bedrock  is  at  great  depth  and  deposits  of  com- 
pressible soils  are  predominant. 

The  Southwest  Expressway  is  located  in  a  region  of 
shallow  bedrock  and  glacial  tills. 

2)  Groundwater  Level:   It  is  recommended  to  base 

the  design  for  the  Inner  Belt  Expressway  on  a  minimum  groundwater  elevation 
of  -5  and  a  maximum  groundwater  elevation  of  +8,  except  for  the  Muddy 
River  area,  where  a  maximum  elevation  of  +12  is  recommended. 

3)  Excavations :   Provisions  have  to  be  made  to  pre- 
vent the  drawdown  of  groundwater  due  to  dewatering  of  excavations. 

In  some  areas  special  steps  have  to  be  taken  to  pre- 
vent base  failures. 

4)  Depressed  Roadways:  Hydrostatic  uplift  acting 
on  these  sections  has  to  be  resisted. 

Over  a  large  part  of  the  project  gravity  sections 
are  recommended,  wheiE  the  hydrostatic  uplift  is  resisted  by  the  weight 
of  a  heavy  concrete  slab.  These  sections  will  not  be  founded  on  piles 
except  for  limited  areas  of  deep  organic  deposits. 

In  some  areas  it  is  feasible  to  resist  hydrostatic 
uplift  by  tension  piles. 
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A  thickness  of  at  least  4%'  from  the  top  of  the 
pavement  to  the  bottom  of  the  concrete  slab  should  be  provided  to  prevent 
frost  action. 

Groundwater  fluctuations  around  the  boat  section  should 
be  minimized  by  a  system  of  underdralns. 

Wherever  feasible,  bridges  crossing  the  boat  sections 
should  be  supported  on  these  sections. 

5)  Architectural  "T"  Section:   This  section  is 
sufficiently  heavy  to  resist  hydrostatic  uplift.   It  is  proposed  to 
support  the  section  on  a  floating  foundation,  except  for  an  area  of  organic 
deposits  where  piles  are  recommended. 

6)  Viaduct  Sections;  Wherever  compressible  soils 
underlay  the  foundations  it  is  recommended  to  support  the  viaduct  sections 
by  C.I. P.  or  "H"  piles  driven  to  hard  layers  or  bedrock. 

In  areas  of  sensitive  clays  where  viaduct  foundations 
have  to  be  built  close  to  the  boat  sections,  settlements  due  to  remolding 
of  the  clays  caused  by  pile  driving  should  be  prevented  by  predrllling. 

7)  Viaduct  Sections  Supported  by  Depressed  Sections: 
Economy  in  foundation  design  can  be  achieved  by  using  the  weight  of 
viaduct  sections  to  resist  buoyant  forces  acting  on  the  boat  sections. 
Such  a  design  Is  proposed  in  an  alternate  scheme. 

8)  Embankment  Sections:   Embankments  are  feasible 
on  the  Southwest  Expressway  between  Station  10  and  Station  55. 

Fill  for  these  embankment  Sections  can  be  supplied 
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from  excavations  of  the  depressed  roadway  sections  on  the  Inner  Belt 
Expressway. 


THE  CtARKESON  ENGINEERING  COMPANY,  Inc. 


III.   PURPOSE  AND  SCOPE  OF  STUDY 


1)   General  Discussion:   The  design  of  the  Inner 
Belt  and  Southwest  Expressway,  compatible  with  existing  subsurface  con- 
ditions, required  a  detailed  subsoil  exploration. 

Preliminary  data  and  previous  experience  indicated 
the  probability  of  two  basic  foundation  designs.   One,  foundations  carried 
through  the  clay  stratum  to  the  hard  bottom,  and  two,  floating  foundations 
where  feasible  and  economically  desirable  in  or  on  the  clay  layer. 

For  the  first  design,  it  was  necessary  to  determine 
the  characteristics  of  the  compacted  granular  soil  (hardpan)  which  under- 
lies the  clay  deposit  and  the  position  of  bedrock.   For  this  purpose,  14 
deep  borings  were  drilled  10'  inside  the  hard  stratum.   For  the  second 
design,  it  was  necessary  to  establish  the  horizontal  and  vertical  bound- 
ary of  the  clay  and  other  compressible  strata,  their  general  characteristics 
and  engineering  properties.   Twenty-eight  exploratory  drive  sample  borings 
together  with  seven  undisturbed  samples  from  three  additional  borings  were 
obtained  for  this  purpose. 

The  borings  were  located  at  the  anticipated  sites  of 
major  structures,  and  spaced  approximately  at  400'  intervals  along  the 
entire  project. 

A  testing  program  consisting  of  7  consolidation  tests, 
3  unconfined  compression  tests  and  2  triaxial  tests  was  completed  by  two 


THE  CLARKESON  ENGINEERING  COMPANY,  Inc. 


-6- 

testlng  laboratories. 

Testing  was  performed  In  order  to  determine  probable 
magnitude  of  consolidation  settlements,  skin  friction  values  for  piles 
and  stress-strain  properties  of  clays  in  the  Museum  of  Fine  Arts  area 
vhere  the  influence  of  vibrations  will  have  to  be  studied. 

The  report  contains  a)  Pilot  boring  and  sampling 
operation;  b)  Laboratory  testing  to  determine  physical  properties  of  clay; 
c)  Subsurface  conditions  and  soil  profiles;  d)  Study  of  soil  features  in- 
fluencing foundation  design;  f)  conclusions  and  recommendations. 

Data  collected  in  the  subsurface  exploration  program 
and  from  construction  experience  of  the  Toll  Road  Extension  and  the 
Prudential  Compound  were  used  extensively  in  the  foundation  study  pre- 
sented herein. 

Since  both  types  of  foundations  -  deep  and  floating  - 
are  involved  in  a  large  area,  recommendations  of  this  study  will  have 
to  be  corroborated  by  much  more  extensive  subsurface  exploration  during 
the  final  design  stage. 

2)   The  Pilot  Boring  Program:   All  borings  were  per- 
formed by  Raymond  Concrete  Pile  Division  in  a  period  between  January  27, 
1965  and  March  16,  1965,  under  the  supervision  of  Clarkeson  Engineering 
Company ,  Inc . 

The  pilot  boring  program  consists  of  fourteen  core 
preparatory  borings,  three  undisturbed  sample  preparatory  borings  and 
twenty-eight  drive  sample  borings. 
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The  approximate  locations  of  the  borings  are  shown 
on  location  plans  2  to  9  Inclusive  and  the  Individual  boring  logs  are 
presented  on  sheets  10  to  17.   To  facilitate  review,  boring  logs  were  plot- 
ted with  reference  to  the  roadway  baselines  and  at  their  proper  elevation. 

The  core  preparatory  borings  were  cored  10'  into 
bedrock.   Twelve  of  these  borings  were  initially  planned  as  control 
borings  in  order  to  obtain  overall  information  on  the  depth  and  character 
of  bedrock  in  the  area  and  to  assure  penetration  of  the  entire  depth  of 
overburden  in  these  locations.   Borings  PB  36  and  PB  38  were  cored  into 
rock  after  they  could  not  be  carried  to  sufficient  depth  as  drive  sample 
borings . 

Undisturbed  samples  were  taken  in  borings  PB  9,  PB  22X 
and  PB  28. 

Borings  were  taken  In  accordance  with  Section  "N"  of 
the  Commonwealth  of  Massachusetts  Department  of  Public  Works,  Specifications 
for  Subsurface  Explorations,  October  24,  1963. 

3)   The  Laboratory  Testing  Program:   Laboratory  tests 
were  performed  by  two  testing  companies.   Samples  from  boring  PB  28  were 
tested  by  "The  Thompson  &  Lichtner  Company,  Inc.",  Boston,  Massachusetts. 
Samples  from  boring  PB  22X  and  PB  9  were  tested  by  "The  Haller  Testing 
Laboratories",  Plainfield,  New  Jersey. 


Testing  procedures  Include: 

a)   Classification  tests (Atterberg  limit, 
natural  moisture  content) 
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b)  Consolidation  Testa 

c)  Trlaxlal  Teita 

In  every  case  the  maximum  load  applied  was  sufficient 
to  determine  the  compression  Index  In  the  load  range  exceeding  the  pre- 
consolldatlon  load.  Unloading  and  reloading  cycles  were  applied  at  ^  ton  per 
square  foot  and  2  tons  per  square  foot. 

Trlaxlal  tests  were  performed  on  one  sample  of  yellow 
clay  and  one  sample  of  blue  clay.  A  series  of  three  tests  were  performed 
on  each  sample  in  order  to  determine  Mohr's  stress  envelope.   Confining 
pressures  of  0.5,  1.0  and  1.5  ton  per  square  foot  were  used. 

An  undisturbed  sample  of  peat  was  tested  to  establish 
the  feasibility  of  using  the  "Intrusion  Prepakt"  method  to  sheet  excavations 
in  the  Museum  area.   These  tests  were  performed  by  the  "Prepakt  Concrete 
Company" . 

All  test  results  are  presented  and  interpreted  in 
the  appendix,  pages  48-61. 

The  results  of  the  pilot  testing  program  may  be  used 
with  those  established  by  the  numerous  tests,  which  were  conducted  recently 
for  the  previously  mentioned  major  construction  projects  in  the  same  gen- 
eral area. 


4)  Wellpolnts:  Five  wellpoints  were  installed  along 
the  project  and  systematic  ground  water  level  observations  are  being  con- 
duc  ted . 
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The  location  of  the  wellpolnts  Is  Indicated  on  plan 
sheets  2  of  19  through  9  of  19. 

Groundwater  observations  are  tabulated  In  the  appendix, 
page  47. 

Tentative  conclusions  from  groundwater  observations 
to  this  date  are  discussed  under,  Section  IV,  Part  2). 
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The  location  of  the  vellpolnts  Is  Indicated  on  plan 
sheets  2  of  19  through  9  of  19. 

Groundwater  observations  are  tabulated  in  the  appendix, 
page  47. 

Tentative  conclusions  from  groundwater  observations 
to  this  date  are  discussed  under,  Section  IV,  Part  2) . 
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IV.   SUBSURFACE  CONDITIONS 


1)   Soil  Conditions:   The  subsoil  profiles  of  the 
Inner  Belt  and  the  Southwest  Expressway  are  presented  on  sheets  18  of  19 
and  19  of  19.   These  profiles  were  drawn  by  straight  line  interpolation 
between  borings  and  should  only  be  used  for  preliminary  review  purposes. 
During  the  design  stage  of  the  project,  additional  borings  will  be  nec- 
essary to  investigate  specific  conditions  at  the  location  of  proposed 
foundations . 

/         Soils  were  classified  in  accordance  with  engineering 
prpperties,  rather  than  geologic  origin.   The  following  soil  types  were 
identified  in  the  area  of  this  project: 

a.  Man  Made  Fill:   all  the  areas  along  the  Inner 
Belt  and  the  Southwest  Expressway  with  the  exception  of  areas  in  the  immediate 
vicinity  of  the  Muddy  River  and  the  Fens  Pond  are  overlain  by  a  man  made 
fill,  ranging  in  thickness  from  6'  to  24'. 

Part  of  the  fill  material  was  transported  around  1840 
from  Shawmut  Peninsula,  Dorchester  and  Brighton,  to  its  present  position. 
It  is  composed  primarily  of  sand  and  gravel  with  5  to  10  percent  passing 
a  200  mesh  screen.   This  material  is  suitable  for  use  in  the  embankment 
sections  of  the  project. 

Some  of  the  fill  is  a  heterogeneous  mixture  of  sand, 
silt,  clay  and  brick. 
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Man  made  fill  In  this  area  can  not  be  relied  on  to 
support  foundation  loads. 

b)  Organic  Deposits;   Organic  deposits  occur 
along  the  Inner  Belt  between  Stations  31  and  44  (Roxbury  Channel),  Stat- 
ions 49  and  58  (Roxbury  Channel),  Stations  78  and  129  (Muddy  River  and 
Fens  Pond  area)  and  along  the  Southwest  Expressway  between  Stations  56 
and  65. 

These  deposits  consist  of  peats  and  organic  silts 
and  range  in  thickness  from  1'  to  43'.  In  general,  the  organic  silts 
are  overlain  by  peats. 

The  organic  soils  in  this  area  have  low  shear 
strength  and  are  very  compressible. 

The  organic  soils  can  not  be  relied  on  to  support 
foundation  loads.  High  organic  content,  (up  to  10  percent),  high  com- 
pressibility in  general,  high  rate  of  secondary  compression  in  particular 
and  low  shear  strength  are  responsible  for  the  above  conclusion. 

c)  Clays:   Thick  layers  of  clay  underlie  the  Inner 
Belt  from  Station  10  to  25  and  from  Station  40  to  129  and  the  Southwest 
Expressway  from  Station  56  to  the  Inner  Belt  Interchange. 

Two  distinct  horizons  can  be  identified  within  the 
clay  layer: 

1.  A  lower  horizon  consists  of  "blue"  clay.   This  layer 
reaches  a  thickness  of  136*.   It  generally  consists  of  soft  or  medium  clays. 
The  original  color  of  this  clay  ranges  from  a  plain  gray  to  olive-gray. 
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The  color  designations  (Yellow  and  Blue)  are  not  representative,  but  they 
are  now  commonly  used  as  descriptive  terms  used  for  the  upper  and  lower 
layers . 

2.   An  upper  horizon  of  "yellow"  clay,  ranges  in  color  from 
yellow  to  blue  with  a  light  yellow  tinge  and  reaches  a  maximum  thickness 
of  19' ,  but  usually  its  thickness  is  about  10' ,   The  yellow  clay  layer 
generally  consists  of  stiff  or  medium  clay.   It  appears  that  the  yellow 
clay  layer  developed  when  the  clay  deposits  were  exposed  to  atmospheric 
conditions  and  the  upper  layer  consolidated  by  desiccation. 

There  is  a  distinct  difference  between  the  engineering 
properties  of  the  blue  and  the  yellow  clay. 

The  yellow  clay  has  shear  strength  ranging  from  1,000  psf 
to  1,500  psf  and  a  low  compression  index  and  can  support  considerable 
foundation  pressures. 

The  blue  clay  is  much  weaker,  having  «  shear  strength  rang- 
ing from   500  psf  to  1,000  psf  and  a  higher  compression  index. 

The  natural  water  content  of  "yellow"  clay  varies  from 
187.  to  22%,  Atterberg  limits:   PL.  20%;   LL.  30%;  PI.  1.5. 

The  natural  water  content  of  "blue"  clay  varies  from 
28%  to  35%.   Atterberg  limits:   PL.  25%;   LL.  45%;   PI.  1.8. 

Test  results  on  clay  samples  are  shown  in  the  appendix, 
pages  47-61. 
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Slnce  the  blue  clay  is  overlain  by  a  yellow  clay 
layer,  and  this  yellow  clay  in  many  locations  is  in  turn  overlain  by  a 
layer  of  compact  sand  and  gravels  (see  soil  profile),  it  is  frequently 
possible  to  support  spread  footings  or  Gow  caissons  on  top  of  the  sand 
or  yellow  clay  layer.   In  these  cases  consolidation  settlements  have  to 
be  analyzed. 

Embankment  fills  or  very  wide  foundations  built  over 
thick  layers  of  blue  clay  will  cause  consolidation  settlements  over  con- 
siderable periods  of  time  and  are  therefore  undesirable.   An  exception 
to  this  will  be  the  case  where  the  weight  of  the  overburden  removed 
approaches  or  exceeds  the  load  applied. 

d.   Sands  and  Gravels:   Sands  and  gravels  occur 
mostly  as  glacial  outwash  deposits,  and  locally  as  alluvial  deposits. 

Thick  layers  of  sands  and  gravels  occur  on  the  Inner 
Belt  between  Stations  21  and  58,  and  between  Stations  100  and  122  where 
they  are  overlain  by  blue  clay,  and  on  the  Southwest  Expressway  between 
Stations  45  and  60. 

In  some  locations  a  "crust"  of  compact  sands  and 
gravels  overlays  layers  of  yellow  or  blue  clays.   (Inner  Belt  Stations 
58  to  75,  Stations  120  to  130.) 

Deposits  of  sands  and  gravels  are  usually  firm  or 
medium,  however  some  local  deposits  of  loose  sands  were  encountered. 

Sands  and  gravel  will  give  safe  support  to  spread 
footings  wherever  they  are  not  underlain  by  weaker  soils.   They  will  pro- 
vide excellent  material  for  embankment  fill. 
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e.  Glacial  Tills  and  Drift:   Ground  moraine 
deposits  of  glacial  tills  occur  on  the  Southwest  Expressway  between 
Stations  14  and  52  where  characteristically  the  depth  to  bedrock  Is  shallow. 
Glacial  tills  and  drift  also  occur  on  the  Inner  Belt  together  with  the  deep 
sand  and  gravel  deposits  mentioned  before. 

Glacial  tills  and  drifts  are  a  mixture  of  silts,  sands, 
gravels,  clays  and  boulders.   In  this  area  they  range  In  composition  from 
boulder  clays  to  predominantly  granular  soils.   Boulder  clay,  however, 
was  only  encountered  In  isolated  locations  (Southwest  Expressway,  Stations 
14  to  16). 

Glacial  tills  will  safely  support  spread  footings. 
Most  of  the  glacial  tills  will  provide  good  material  for  embankment  fill. 

f .  Very  Compact  Silts.  Sands.  Gravels  and  Gracial  Tills 
(hardpan) ;   This  type  of  soils  can  not  be  easily  distinguished  from 

similar  soils  in  a  less  compact  state.   However  they  are  identified  in 
this  report  because  characteristically,  a  layer  of  this  material,  varying 
in  thickness  from  several  feet  to  80  feet  covers  the  bedrock  surface. 

It  may  be  assumed  that,  while  steel  H  piles  driven  to 
refusal  are  likely  to  penetrate  this  very  compact  layer  and  bear  on  bed- 
rock, closed  end  pipe  piles  will  penetrate  it  only  to  a  very  shallow  depth. 

g.  Bedrock:   The  two  rock  types  most  frequently 
encountered  on  this  project  are  Roxbury  conglomerate  and  Cambridge  argillite. 
The  rockcores  indicate  that  in  some  locations  the  bedrock  surface  is  overlain 
by  a  layer  of  boulders. 


J 
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Rockcores  taken  on  this  project  are  identified  in 
the  appendix. 

2)  Groundwater  Conditions:  Groundwater  level  obser- 
vations to  this  date  in  wellpoints  1  through  5  are  tabulated  in  the 
appendix,  page  47. 

These  wellpoints  were  located  to  provide  information 
on  the  conditions  in  the  project  area: 

WP  1  and  WP  2  are  located  at  greater  distances  from 
the  main  bodies  of  water,  WP  3  is  located  in  the  Fens  Pond  area,  WP  4  is 
located  in  the  Muddy  River  area  and  WP  5  in  the  area  of  the  Southwest 
Expressway. 

Observations  were  conducted  during  a  short  period  of 
time  and  are  therefore  inconclusive.  However,  it  appears  that  in  well- 
points  WP  1,  and  WP  3  groundwater  levels  seem  to  be  lower  than  the 
elevation  of  the  great  bodies  of  water  controlling  these  levels.   This 
may  be  attributed  to  drawdown  caused  by  sewerage,  basements  and  dewatered 
excavations. 

Wellpoint  WP  4  indicated  groundwater  elevations  which 
correspond  to  or  exceed  the  water  elevation  in  the  Charles  River  Basin. 

Wellpoint  WP  5  indicates  consistently  groundwater 
elevation  higher  than  the  water  level  of  Charles  River  Basin. 
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The  following  preliminary  assumptions  about  ground- 
water elevations  are  proposed.   During  the  design  stage  of  the  project 
these  assumptions  will  have  to  be  carefully  reviewed  and  revised: 


Inner  Belt  Stations  10  to  115  Minimum  W.L.  -5  Maximum  W.L. 
+8 

Inner  Belt  Stations  115  to  135  Minimum  W.L.  -5  Maximum 
W.L.  +12 
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V.   FOUNDATION  STUDY; 


1)  Consolidation  Settlements;   Because  of  the  im- 
portance of  differential  settlements  the  volume  compressibility  clays 
vill  be  discussed  herein  separately.   The  results  will  be  applied  to  the 
project,  wherever  such  conditions  exist. 

Clay;   The  consistency  of  the  clay  starting  at  the 
surface  gradually  decreased  from  stiff  to  firm  to  soft  as  the  depth  in- 
creases to  a  certain  level.  Where  upon,  the  consistency  gradually  reverts 
to  stiff  as  the  depth  progresses  to  the  bottom  of  the  stratum.   Because 
of  this  condition  the  methods  of  simplifying  the  problem  of  estimating 
settlements,  as  present  by  Arthur  and  Leo  Casagrande  in  their  foundation 
report  for  the  Prudentail  Center  is  presented  herein.   (Foundation  In- 
vestigation for  Prudential  Center  in  Boston  -  Volume  I  by  Arthur  and  Leo 
Casagrande  -  Pierce  Hall  -  Cambridge,  Massachusetts,  March  1958). 

By  estimating  the  settlement  layer  by  layer  based 
on  a  mean  value  of  a  series  of  test  results,  one  may  arrive  at  an  influence 
value,  as  a  function  of  a  selected  load  (constant).  Applying  this  influence 
value  to  any  part  of  the  project  for  soil  bearing  or  pile  foundations  the 
settlement  can  be  readily  estimated  without  appreciable  error. 

These  influence  values,  derived  from  the  attached 
test  report  are  presented  hereafter: 
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SAMPLE 

ELEVATION 

e 

P 

ton/sf 

C 

H 
in   feet 

/1H 

In  Inchefl 

PB-22X 

-10   to    -20 

0.965 

1.0 

.06 

10 

.15 

PB-28 

-20   to   -30 

0.488 

1.5 

.04 

10 

.10 

PB-28 

-40   to   -50 

0.730 

1.8 

.07 

10 

.15 

PB-22X 

-50   to   -60 

0.720 

2.0 

.12 

10 

.16 

PB-9 

-70   to   -80 

0.89 

3.0 

2.0 

10 

2.0 

Elevation  Based  on  U.S.G.S.  Data 


Glossary  of  Terms: 

C  •»  C  (compression  index) 
e  =  in  situ  void  ratio 

p  =  present  overburden  pressure 

^p  =»  applied  net  increase  in  stress  which  in  this  analysis  is 
assumed  to  be  a  uniform  stress  of  0.1  ton/sf 

H  =  thickness  of  layer 

^  H  =  decrease  in  thickness  of  layer  of  thickness  H  (used  as  influence 
value) 
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SAMPLE 

ELEVATION 

e 

P 

ton/sf 

C 

H 
in  feet 

/3H 

in  Inchec 

PB-22X 

-10   to    -20 

0.965 

1.0 

.06 

10 

,15 

PB-28 

-20   to   -30 

0.488 

1.5 

.04 

10 

.10 

PB-28 

-40   to   -50 

0.730 

1,8 

.07 

10 

,15 

PB-22X 

-50   to    -60 

0,720 

2,0 

.12 

10 

,16 

PB-9 

-70  to   -80 

0,89 

3.0 

2.0 

10 

2.0 

Elevation  Based  on  U.S.G.S.  Data 


Glossary  of  Terms: 

C  «  C  (compression  index) 
e  =  in  situ  void  ratio 

p  =  present  overburden  pressure 

^p  =  applied  net  increase  in  stress  which  in  this  analysis  is 
assumed  to  be  a  uniform  stress  of  0.1  ton/sf 

H  =  thickness  of  layer 

^  H  =  decrease  in  thickness  of  layer  of  thickness  H  (used  as  influence 
value) 
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The  above  derived  values  are  consistent  with  the 
large  scale  investigations  mentioned  previously. 

When  no  test  data  are  available  at  a  certain  location 
use  of  the  influence  value  according  to  the  depth  (elevation)  is  more 
realistic  than  using  the  standard  penetration  to  select  the  influence  value. 

Estimating  the  time  of  settlement  based  on  coefficients 
of  consolidations  does  not  yield  dependable  results  and  more  often  is 
responsible  for  serious  consequences.   The  time  of  settlement  may  be 
predicted  based  on  definite  experience  on  similar  structures  founded  on 
similar  soil  conditions. 

In  addition  to  the  amount  of  settlement  due  to  the 
applied  load  (soil  bearing  or  pile  foundation)  there  are  several  other 
factors  which  will  contribute  to  the  settlement  at  this  area. 

a.   Settlement  due  to  remolding  the  clay  stratum  by 
pile  driving; 

Careful  consideration  should  be  given  to  select  a 
type  of  pile  which  has  the  least  displacement.  Closed  end  pipe  piles  or 
cast  in  place  piles  are  considered  as  full  displacement  piles.  The  H 
pile  compared  to  the  above  mentioned  piles  -  at  least  theoretically  - 
cause  less  of  a  volume  displacement.  Open  end  pipe  or  Cobl  piles  and  pre- 
bored  piles  or  caissons  are  the  most  suitable. 

At  the  present  time,  no  sufficient  data  are  available 
to  estimate  the  magnitude  of  settlements  that  would  develop  due  to  the 
reconsolidation  of  clay  caused  by  pile  driving. 
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As  an  example,  around  the  John  Hancock  Building  one 

may  notice  the  unusually  large  settleaenc  of  Che  sldevalk  vhlch  vas  proved 

to  be  the  direct  result  of  the  disturbing  of  the  clay  stratum,  by  driving 
a  large  number  of  H  piles  to  bedrock. 

Another  example  is  the  garage  floor,  floating  on  a 
sand  layer  under  the  Prudential  Tower,  vhlch  has  a  larger  settlement  in 
the  vicinity  of  an  adjacent  structure  vhlch  rests  on  closed  end  pipe  piles. 
The  settlement  vill  form  a  depression  around  the  perimeter  of  the  pile 
foundation  to  a  maximum  distance  of  about  100  to  150  feet  from  the 
perimeter  of  the  pile  foundation. 

b.  Rebound :  A  reliable  basis  of  predicting  settle- 
ment is  from  observations  made  during  construction  of  other  large 
structures  resting  on  similar  soil  conditions,  such  as  the  Toll  Road  Ex- 
tension, the  Prudential  Center,  the  New  England  Mutual  Life  Insurance 
Building,  etc.   Such  observations  indicate  that  it  would  be  in  direct 
proportion  to  the  depth  of  excavation,  with  a  magnitude  of  1/2"  to  3/4" 
per  10'  of  excavation. 

Test  reports  presented  in  the  appendix  indicate  that 
the  amount  of  svelling  per  10'  of  excavation  would  be  the  same  as  mentioned 
above  over  an  estimated  period  of  time  of  two  months. 

In  each  case  a  large  percentage  of  the  settlement  was 
eliminated  by  using  a  method  of  preconsolidation.   (Surcharge) 

The  measures  taken  to  minimize  the  settlement  in  this 
project  will  be  mentioned  at  the  section  where  such  a  problem  arises. 
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2)   EXCAVATION 

a)   Dewatertng  and  Recharge:   A  wellpoint  system  would 
probably  have  to  be  used  for  dewaterlng  purposes.   Similar  systems  have 
been  used  successfully  in  other  Boston  sites  for  similar  projects. 

One  stage  or  several  stages  may  have  to  be  used.   In 
areas  where  clays  are  overlain  by  a  sand  layer  dewatering  of  the  sand 
layer  would  be  very  effective.  However,  in  connection  with  the  pumping  of 
groundwater  from  the  Prudential  excavation  it  was  pointed  out  that  the 
organic  layer  formed  a  horizontal  barrier  in  some  areas  keeping  the  upper 
water  table  apparently  uneffected  by  pumping,  while  groundwater  levels  in 
other  sections  on  the  site  responded  immediately.   (Donald  G.  Ball, 
Prudential  Center  Foundation  tour,  Boston  Society  of  Civil  Engineers.   Vol. 
49;  No.  3;  July  1962) 

The  fill  overlying  the  harbor  mud  or  stiff  clay  un- 
fortunately in  many  locations  has  a  critical  grain  size  (D)  D  =  0.2nim. 
which  means  that  the  drawdown  would  be  felt  at  least  a  distance  of  500' 
from  the  pumping  site.   For  example  dewatering  a  trench  10'  below  water 
table  for  a  sewer  layout  at  Dalton  Street  iiranediately  lowered  the  free 
water  table  along  Massachusetts  Avenue. 

If  however  D  =  .003mm.  the  effect  of  pumping  would  be 
only  felt  to  a  distance  of  20  to  40  feet  from  the  excavation. 

The  physico-chemical  effect  of  lowering  the  free 
water  table  -  as  a  consequence  of  dewatering  a  large  area  -  presents  a 
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well  know  problem  not  only  from  a  technical  point  of  view  but  also  from 
a  legal  point  of  viev. 

One  or  several  of  the  following  measures,  depending 
on  local  conditions  may  be  used  to  alleviate  this  problem: 

a.  Deep  Sheetpiling 

b.  Backfeeding  of  Sufficient  Water 

c.  Using  a  Trench  Filled  with  Compacted  Silt 

d.  Using  a  Trench  Filled  with  Bentonite  Slurry 

a.  Deep  Sheeting:   In  locations  where  deep  excavations 
are  planned  in  granular  soils,  which  have  a  high  permeability,  sheetpiling 
may  have  to  be  extended  to  a  considerable  depth  below  the  bottom  of  the 
excavation  in  order  to  reduce  the  rate  of  percolation  and  to  prevent 
piping. 

b.  Backfeeding;   In  using  backfeeding  with  a  well- 
point  system,  the  volume  and  the  pressure  of  the  water  should  be  higher 
than  required  for  the  pumping  operation.   For  this  reason  an  outside  supply 
of  water  may  be  necessary  for  backfeeding. 

Based  on  the  experience  gained  from  the  Prudential 
excavation  the  water  should  be  recharged  to  the  same  soil  stratum  from 
which  it  was  pumped. 

c.  Trench  with  Compacted  Silt;   On  both  sides  of 
the  depressed  section  trenches  would  be  excavated  down  to  the  underlying 
organic  or  clay  layer  and  the  trenches  would  be  backfilled  with  a  compacted 
silt  and/or  clay.   The  non  plastic  organic  sandy  silt  which  was  described 
as  unsuitable  material  in  section  IV-1  may  be  quite  suitable  for  this 
purpose.  The  critical  grain  size  of  the  organic  silt  is  approximately 
equal  to  .003mm. 
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d.   Slurry  Trenches:   Trenches  as  described  above  back- 
filled with  bentonlte  clay  slurry.   (Cronese  -  terminal  Engineer  Contractors 
2975  Wilshlre  Blvd.,  Los  Angeles,  California.) 

The  above  mentioned  trench  methods  also  greatly 
reduce  the  volume  of  pumping. 

b)   Stability:   Since  the  bottom  of  most  excavations  will 
rest  on  soft  or  medium  blue  clay,  these  excavations  may  fail  by  heaving 
of  the  bottom.   Such  failures  would  not  only  endanger  the  work  performed 
but  may  also  tte  detrimental  to  adjacent  structures. 

Wherever  the  yellow  clay  layer  overlays  the  soft  blue  clay, 
the  severity  of  the  problem  is  reduced  since  the  high  shear  strength  of 
this  material  will  contribute  to  the  stability  of  the  excavation. 

The  problem  is  particularly  severe  in  some  areas  of  organic 

deposits,  where  the  yellow  clay  layer  is  absent  because  of  past  erosion 

and  soft  blue  clay  is  directly  overlain  by  marine  silt,  with  only  a  thin 

layer  of  sand  intervening.   In  this  case  we  can  not  rely  on  friction 

resistance  above  the  bottom  of  the  excavation  and  the  stability  would 

solely  depend  on  the  bearing  capacity  of  the  soft  clay.  If  we  can  assume 

a  minimum  bearing  capacity  p  =  5.7c,  and  c  =  +  750  psf  for  blue  clay,  and 

we  further  assume  the  saturated  weight  of  the  overburden  to  be  140  pcf , 

we  arrive  at  the  following  maximum  safe  excavation  depths: 

D  =  20'  at  a  factor  of  safety  of  1.5 
D  =  15'  at  a  factor  of  safety  of  2 
where:   p  =  allowable  bearing  pressure  in  psf 
c  =  cohesion  In  psf 
D  =  depth  of  excavation  in  feet 
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Thls,  however,  represents  an  extreme  case. 

Heaving  could  be  prevented  by  driving  the  sheetplllng  to 
a  greater  depth,  however  we  should  keep  In  mind  that  the  shear  strength 
of  the  Boston  blue  clays  tend^to  decrease  with  Increasing  depth. 

c)   Rebound :   Rebound  occurlng  at  the  bottom  of  excavations 
will  be  greatest  in  the  center  and  smaller  along  the  edges  of  excavations. 

In  accordance  with  data  from  other  locations  in  the  Boston 
area  which  have  conditions  similar  to  those  encountered  on  the  Inner 
Belt  rebound  should  be  expected  to  be  roughly  proportional  to  the  depth 
of  excavation.   Rebound  increments  ranging  from  1/2"  to  3/4"  should  be 
expected  for  every  10'  depth  of  excavation.   (See  section  V-1)   If 
subsequently  applied  structural  loads  will  not  exceed  the  weight  of  the 
overburden  removed,  consolidation  settlements  should  not  significantly 
exceed  the  rebound. 
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3)  DEPRESSED  ROADWAYS 

Depressed  roadway  sections  are  considered  along  the  entire 
length  of  the  Inner  Belt  and  on  several  ramps.  The  depth  of  these  sections 
varies.   Foundation  problems  that  will  be  encountered  In  the  construction 
and  support  of  the  depressed  roadways  are  discussed  hereafter. 

a)   Buoyancy :   Extreme  groundwater  conditions  assumed  for 
this  study  were  discussed  in  Section  IV-2.   Under  these  conditions 
buoyancy  will  be  the  most  significant  factor  in  the  design  of  the  structures 
that  will  support  depressed  roadways.   Since  these  structures  will  be 
deeply  submerged  below  ground  water  level,  they  will  have  to  float  in  the 
groundwater.   The  term  "boat  sections"  was  therefore  adopted  for  these 
structures.   Boat  sections  will  be  designed  as  monolithic  structures  and 
waterproofed  around  their  perimeter.  The  upward  reaction  of  the  buoyant 
force  on  the  boat  sections  can  be  resisted  in  two  ways: 

1.  Gravity  Sections:   It  is  proposed  to  provide  weight 
by  a  thick  concrete  slab  at  the  bottom  of  the  boat  section  and  by  a  layer 
of  gravel  over  the  concrete  slab.  The  proposed  gravel  layer  has  several 
advantages:   It  provides  cheap  ballast,  it  reduces  the  thickness  of  the 
concrete  slab  which  presents  difficult  construction  problems,  and  it  will 
pervent  adverse  effects  on  the  pavement  by  groundwater  percolation  through 
the  slabs  or  through  joints.   This  groundwater  percolation  may  eventually 
occur  in  spite  of  the  waterproofing  because  of  the  high  pressure  differential 
across  this  slab. 
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2.   Tension  Piles:   It  Is  safe  to  assume  that  the  blue 
and  yellow  clays  which  underlie  most  of  the  Inner  Belt  will  develop  certain 
shear  stresses  by  skin  friction  along  the  surface  area  of  piles. 

The  use  of  tension  piles  Is  therefore  feasible  as  an  alternate 
solution  wherever  soil  conditions  permit  and  should  be  considered  where  the 
boat  section  Is  very  deep.   The  following  types  of  piles  are  considered: 

Pealed  Woodpiles:   Under  ordinary  conditions  a  mechanical 
anchor  should  be  provided  to  transmit  tension  from  the  piles  to  the  slab. 

C.I. P.  Piles:   (Closed  end  pipe  or  "prepakt  concrete") 
wherever  intervening  sand  or  peat  layers  will  require  excessive  pile  length 
or  will  make  the  driving  of  woodpiles  risky. 


are  proposed: 


On  a  tentative  basis  the  following  design  criteria 


Skin  Friction  Values; 


Yellow  Clay:        C  =  450  psf 
Blue  Clay:  C  -  250  psf 

All  Other  Soils     C  =  0 


Group  Action:   The  buoyant  force  to  be  resisted  is  not 
to  exceed  25%  of  the  buoyant  weight  of  the  volume  of  soil  ^  the  piles  en- 
closed within  the  limits  of  the  pile  group. 

Pile  Testing:   Special  pull-out  tests  to  be  devised. 
Total  allowable  uplift  on  pile  not  to  exceed  1/4  of  maximum  tension  based 
on  test. 

Maximum  Pile  Load:   The  maximum  allowable  pile  load 
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In  tension  not  to  exceed  1/2  of  the  maximum  load  allowed  for  the  eame 
pile  in  bearing. 

These  criteria  provide  for  a  factor  of  safety  N  =  4. 
It  is  proposed  to  apply  these  criteria  to  an  assumed  groundwater  elevation  of 
+3.   If  higher  elevations  should  occur  during  short  periods  of  time,  the 
large  factor  of  safety  will  prevent  failure. 

Feasibility  of  Tension  Piles  on  the  Inner  Belt:   In 
the  following  locations  tension  piles  are  not  feasible: 


Stations  23  -  43 
Stations  65  -  68 
Stations  118-122 
Stations  130-135 


In  all  other  locations  tension  piles  are  feasible  in  one 
form  or  another. 


b)  Frost  Action:   Since  the  width  of  the  boat  section  is 
very  grea*;  the  influence  of  frost  action  has  to  be  taken  into  consideration. 
The  depth  of  frost  penetration  is  a  function  of  the  freezing  index  at  the 
excavation  in  question.   For  the  Greater  Boston  area  a  700  degree  day  may 
be  used  for  design  purposes.  A  total  pavement,  sub-base  and  concrete 
thickness  of  4%  feet  provides  adequate  frost  protection. 

c)  Construction  Loads:   During  construction,  and  the 
period  of  dewatering,  the  depressed  section  is  subject  to  full  design 
load  where  the  subsoil  has  not  the  required  allowable  bearing  capacity 
to  support  the  boat  section.Under  these  conditions  pile  foundations  have 
been  selected. 
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d)   Regions  of  Deep  Organic  Deposits;   Several  regions  of 
deep  organic  deposits  occur  along  the  Inner  Belt.   The  possibility  of 
founding  even  a  "weightless"  section  on  these  deposits  is  ruled  out. 
There  are  tvo  vays  In  which  these  areas  could  be  handled: 


1.  Organic  deposits  could  be  mucked  and  replaced  by 
gravel . 

2.  Piles,  driven  through  these  deposits  could  support 
the  boat  section. 


In  the  case  of  deep  deposits  alternate  (2)  seems  to  be 
more  economical.   In  this  case  piles  could  be  driven  to  a  sufficient  depth 
into  clay  and  also  act  as  tension  piles. 

An  exception  to  this  is  the  organic  deposits  between 
Stations  31  and  44  on  the  Inner  Belt  which  are  underlain  by  granular  soils. 
In  this  particular  case  a  "gravity"  section  will  have  to  be  supported  on 
C.I. P.  piles, 

e)   Fluctuations  in  Groundwater  Level:   If  the  extreme 
conditions  suggested  in  Section  IV-2  ever  occur,  groundwater  level 
fluctuations  would  amount  to  a  maximum  of  17'.   However  in  reality  it 
appears  that  these  fluctuations  do  not  exceed  10' ,  although  larger 
fluctuations  may  occur  as  momentary  peaks. 

Under  prevailing  condition  groundwater  fluctuations  of  10' 
could  cause  uplift  or  settlements  of  approximately  1/4"  to  1/2"  in  gravity 
boat  sections,  provided  enough  time  is  available  for  swelling  or  consolidation 
settlement.   In  reality  It  appears  that  the  time  lag  or  settlements  or 
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swelllng  due  to  the  lou  permeability  of  clays  will  have  a  damping  effect 
on  these  movements. 

Movements  of  this  order  of  magnitude  should  be  tolerable, 
but  problems  may  still  arise.  The  effect  of  groundwater  fluctuations  on 
sections  founded  on  tension  piles  should  be  Insignificant. 

f)  Underdrainage ;   It  is  proposed  to  surround  these 
sections  by  a  2'  thick  blanket  of  gravel  and  install  underdrains  at  elevations 
+  2,5  or  3.0.   If  impervious  fill  will  be  used  to  cover  these  underdrains 
there  is  a  good  chance  that  the  effect  of  the  peak  of  major  storms  will 
not  substantially  increase  the  hydrostatic  uplift  of  these  structures. 

Serious  consideration  should  be  given  to  the  possibility, 
in  certain  areas,  to  create  a  system  of  underdrains that  will  enable  us  to 
design  for  lower  maximum  groundwater  elevations  than  these  proposed  in 
Section  IV- 2. 
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4)   ARCHITECTURAL  "T"  SECTION 

From  Huntington  Avenue  to  Brookline  Avenue  each 
roadway  is  depressed  but  separated  by  a  "T"  structure  for  asthetics. 

Based  on  the  present  information  on  subsurface  conditions 
a  floating  foundation  is  considered  to  be  most  suitable.   While  the  boat 
sections  are  buoyant,  this  section  will  have  a  resultant  downward  reaction 
of  approximately  1.5  ksf  at  a  groundwater  level  of  +  3.   This  reaction 
would  increase  to  2  ksf  at  the  minimum  groundwater  elevation  propsed  in 
Section  IV-2  and  to  3  ksf  during  construction. 

According  to  conditions  encountered  in  the  borings 
most  of  the  structure  would  extend  below  the  bottom  of  yellow  clay  and 
have  to  be  supported  on  blue  clay. 

The  applied  structural  loads  after  completion  of  con- 
struction are  less  than  the  weight  of  overburden  removed  by  excavation. 

The  consolidation  settlements  should  not  exceed  the 
amount  of  rebound  which  is  estimated  at  +  1%"  in  a  construction  period 
of  two  to  three  months.   These  settlements  are  judged  as   tolerable  since 
the  differential  settlement  is  assumed  not  to  exceed  k   of  the  total  settle- 
ment.  It  therefore  appears  that  a  floating  foundation  is  feasible.   Care- 
ful subsurface  investigations  should  be  conducted  to  corroborate  these 
conclusions. 
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Betwocn  Stations  9B  and  112  organic  deposits  underlie 
the  structure. In  these  locations  the  structure  will  have  to  be  supported 
on  piles. 
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5)   BRIDGES  GROSSING  OVER  THE  BOAT  SECTIONS 

Where  bridges  cross  over  the  boat  section  the  weight 
of  these  structures  can  be  used  to  resist  buoyancy. 

It  is  therefore  proposed  to  support  these  bridges  on 
the  boat  sections. 

The  combined  weight  of  the  structure  in  this  case  is 
not  likely  to  exceed  the  weight  of  overburden  reraoved  by  excavation. 
These  structures  could  be  supported  directly  on  underlaying  soil,  or,  in 
the  case  of  soft  clays  or  organic  materials,  wooden  or  CIP  piles  may  be 
used  to  support  the  structures. 

In  the  locations  where  this  is  not  possible,  for 
example  a  long  span  required  to  cross  the  boat  section.   It  is  desirable 
to  place  the  support  as  close  as  possible  to  the  depressed  section.   In 
order  to  minimize  effects  of  disturbance  of  the  subsoil  (clay)  by  pile 
driving,  it  is  recommended  that  in  these  cases  piles  be  installed  in  pre- 
drilled  holes. 
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6)   VIADUCT  SECTIONS 

In  many  locations  along  the  Inner  Belt  and  the  inter- 
change ax"ea  blue  clay  is  overlain  by  layers  of  yellow  clay  and  a  "crust" 
of  compact  sands  and  gravc>l£.   Ordinarily  foundations  can  be  supported 
by  these  layers.   Since  pressures  due  to  isolated  footings  will  dissipate 
rapidly  with  depth,  consolidation  settlements  of  such  footings  will  be 
of  a  tolerable  magnitude. 

In  the  case  of  the  proposed  viaduct  section,  100' 
long  continuous  spanswill  be  supported  by  the  piers.   The  proposed  pier 
footings  therefore  have  to  resist  heavy  foundation  loads.   (3,200  kips 
vertical,  3,300  foot  kipB  longitudinal  moment,  6,600  foot  kips  transverse 
moment) . 

Because  of  the  continuity  of  the  spans  it  is  also 
necessary  to  prevent  settlements. 

In  order  to  enable  us  to  support  these  piers  on 
spread  footings  the  following  conditions  have  to  be  met: 


1.  Allowable  bearing  pressures  have  to  be  4 
tsf  or  more. 

2.  No  significant  settlements  can  be  tolerated. 


These  conditions  can  not  normally  be  met  on  layers 
that  overlay  deep  deposits  of  soft  to  medium  clay.   It  is  therefore 
recommended  to  use  spread  footings  only  in  areas  that  are  not  underlain 
by  these  clays. 
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Woodfin  piles  should  be  ruled  out  for  similar  reasons, 
since  foundations  of  excessive  size  would  be  necessary  to  accomodate  the 
required  number  of  piles. 

For  the  above  mentioned  reasons  C.I. P.  or  H  piles 
vill  be  required  to  support  most  of  the  piers  of  the  proposed  viaduct 
section.   These  piles  would  reach  refusal  in  the  firm  layers  overlaying 
bedrock  or  on  bedrock. 

C.I. P.  (closed  end  pipe)  piles  are  likely  to  reach 
refusal  after  slight  penetration  of  the  very  compact  sand  and  gravel 
layers  overlaying  bedrock.   H  piles  are  more  likely  to  penetrate  to 
bedrock. 

It  is  believed  that  under  prevailing  conditions 
C.I. P.  piles  may  be  a  more  economical  solution  that  is  equally  satisfactory. 
This  is  particularly  true  for  the  viaduct  for  Riverway  relocation  where 
the  clay  layer  is  not  very  deep  and  is  underlain  by  deposits  of  granular 
soils  of  considerable  depth. 

Heavy  structures  in  the  area  of  the  Southwest  Express- 
way up  to  Station  55  +  where  granular  soils  and  tills  cover  most  of  the 
area  will  be  probably  supported  by  spread  footings. 

A  special  situation  exists  on  the  Inner  Belt  between 
Station  10  and  25  and  Station  42  and  50. 

The  depressed  section  and  the  elevated  section  are 
parallel  and  adjacent  to  each  other.   Each  exerts  Its'  influence  on  the 
other  foundation.   A  normal  driven  pile  foundation  will  tend  to  disturb 
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the  clay  under  Che  depressed  section  and  may  cause  settlements  even  If 
the  depressed  highway  exerts  no  foundation  loads.   (Refer  to  Section  V-1) 

If  further  soil  investigations  in  the  final  design 
shov  that  the  daycare  sensitive,  the  preborlng  for  each  pile  may  be  nec- 
essary.  The  type  of  pile  placed  in  the  prebored  hole  may  be  selected  as 
"H"  pile  or  close  end  pipe  pile. 

From  Station  50  to  85  the  two  roadways  are  separated 
and  the  above  mentioned  problem  is  eliminated,  except  where  viaduct 
sections  pass  within  approximately  40'  of  any  important  structure  (as 
existing  bridge  foundations  or  existing  buildings). 

At  the  transition  area,  where  the  divided  highway 
changes  to  depressed  (Parker  Street  area)  and  embankment  section  may 
be  used.   Seven  feet  is  considered  as  the  limiting  height  of  such  an 
embankment . 
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7)   VIADUCT  SECTIONS  SUPPORTED  BY  BOAT  SECTIONS 

An  economical  foundation  design  can  be  achieved 
by  building  the  viaduct  section  over  the  boat  section.   In  this  case 
the  weight  of  the  viaduct  will  help  to  resist  buoyancy.   Several  found- 
ation schemes  are  possible.   Each  of  these  schemes  has  advantages  under 
different  conditions  and  the  ultimate  choice  of  the  proper  design  will 
probably  depend  on  the  depth  of  the  boat  section  and  on  soil  conditions. 
The  following  schemes  are  possible: 

Scheme  1:   The  viaduct  section  will  be  founded 
on  pier  bents  spaced  approximately  at  70'  and  supported  by  piles  designed 
for  the  foundation  load  applied  by  the  viaduct  without  regard  to  the  up- 
lift applied  by  the  boat  section. 

65'  long  sections  of  the  boat  will  then  be  keyed 
into  these  pier  footings.  Hydrostatic  uplift  will  push  these  boat  sections 
against  the  pier  footings.   The  bottom  of  these  boat  sections  being  65' 
long  and  60'  wide  and  supported  on  two  sides  by  the  piers  and  on  two 
sides  by  the  sidewalls  will  act  as  a  two-way  slab  permitting  a  rather 
thin  concrete  floor. 

The  viaduct,  including  the  piers,  weighs  about  32  kips 
per  linear  foot.   If  the  capacity  of  the  piles  to  resist  uplift  is  taken 
into  account,  it  can  be  assumed  that  on  the  average  this  viaduct  section 
will  be  capable  of  resisting  an  uplift  force  of  40  kips  per  linear  foot. 
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On  a  60'  wide  boat  section  this  will  correspond  to  a  hydrostatic  head 
of  11'. 

Assuming  that  no  tension  piles  are  used  and  the 
raaximum  groundwater  level  is  +  8,  the  boat  section  will  have  to  be 
"weightless"  at  groundwater  elevation  -  3.   At  the  minimum  groundwater 
elevation  of  -  5  the  pile  foundations  of  the  piers  will  be  slightly 
overstressed,  but  within  permissible  limits.   This  will  permit  to 
build  a  boat  section  of  considerable  depth,  using  only  the  concrete  thick- 
ness necessary  to  resist  the  moments.   If  boat  sections  of  greater  depth 
should  be  required  the  weight  of  the  concrete  slab  would  have  to  be  in- 
creased. 

This  scheme  has  the  great  advantage  of  a  foundation 
that  will  not  settle. 

Compared  with  the  gravity  boat  section,  the  concrete 
saved  will  equal  in  weight  to  40  kips  per  linear  foot,  or  approximately 
10  cubic  yards  per  linear  foot.  Compared  with  the  tension  pile  section 
the  savings  will  be  substantially  less. 

Scheme  2:   Boat  and  viaduct  rest  on  a  common,  con- 
tinuous footing  supported  by  wooden  piles.   These  piles  will  act  in 
tension  at  maximum  groundwater  level,  and  as  bearing  piles  at  minimum 
groundwater  level. 

The  saving  achieved  by  this  scheme  will  be: 

1.  Elimination  of  piles  necessary  to  support  the 
viaduct. 

2.  Reduction  of  the  number  of  tension  piles  in 
the  boat  section. 
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Thts  scheme  will  have  the  disadvantage  of  high  pile 
loading  during  construction,  however  the  problem  can  be  avoided  by 
stage  construction.   The  scheme  will  be  particularly  advantageous  for 
deep  boat  ;;ections. 

Scheme  3:   Similar  to  scheme  2,  but  without  piles. 
This  scheme  will  be  advantageous  if  the  depth  of  the  boat  section  is  not 
too  great,  so  that  no  gravity  concrete  has  to  be  used. 

It  has  the  disadvantage  of  being  subject  to  settlements 
if  soil  conditions  are  not  favorable. 

The  selection  of  the  proper  scheme  will  largely  depend 
on  conditions.   No  scheme  is  therefore  recommended  as  more  desirable  than 
other  schemes,  however,  scheme  1  appears  to  be  the  most  conservative  one. 
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8)      EMBANKMENT  SECTIONS 

Duo  to  the  good  subsurface  condition  and  the  cost 
advantage  the  use  of  an  embankment  was  given  careful  consideration  in  the 
design  of  the  Southwest  Expressway. 

According  to  the  boring  information  the  man  made 
fill  does  not  exceed  10'  in  thickness  in  this  area.   Tlie  fill  has  remained 
for  more  than  100  years  in  its  present  location,  and  over  a  long  period 
of  time  has  been  subjected  to  different  static  and  vibratory  loading. 
The  fill  does  not  overlie  any  compressible  stratum. 

From  the  above  facts  it  may  be  stated  chat  the  present 
fill  is  capable  of  holding  25'  of  embankment  without  any  long  term  settle- 
ment which  might  cause  a  delay  in  the  construction. 

To  eliminate  differential  settlement  and  the  con- 
sequence of  drag  forces  exerted  by  a  settling  embankment  adjacent  to 
structures  it  is  proposed  that  the  fill  section  be  terminated  at  Station  55  H-  0 
for  the  Southwest  Expressway  and  the  adjacent  Ramps  and  Connectors, 

All  structures  (Bridges,  Retaining  Walls,  etc.)  from 
Station  10  +  00  to  Station  55  +  00  may  be  on  soil  bearing  foundations  not 
to  exceed  the  bearing  capacity  of  the  foundation  layer  as  determined  by 
the  Boston  Building  Code  and  A.A.S.H.O.  Specifications. 

Fill  for  the  embankment  section  will  be  available  from 
excavations  of  the  Inner  Belt  depressed  sections. 
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'^)      PROPOSED  20'  DIAMETER  MUDDY  RIVER  TUNNEL:   Boring  lo«.s  in  the  area 
Indicate  that  for  more  than  fa()7o  of  its  length  the  tunnel  will  have  to  be 
advanced  throuijh  compact  aands  and  gravels.   The  dovmsLrean:  part  of  the 
tunnel  will  penetrate  soft  blue  clay. 

These  conditions  will  make  tmineling  more  difficult 
than  in  clay  layers.   However  the  danger  of  danaging  elfects  of  differential 
settlemcntt-  due  to  the  construction  of  the  "T"  section  only  exists  at  the 
downstream  end  of  the  tunnel. 
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SCOPE  OF  REPORT 

As  a  result  of  the  proposed  depressed  profile  of 
Interstate  Route  695  In  the  Fens  area  It  is  necessary  to  carry  the  flood- 
flows  of  Muddy  River  in  a  system  of  closed  conduits  from  the  point  where 
the  River  is  intercepted  to  the  Charles  River  Basin. 

This  Report  summarizes  the  findings  and  recommendations 
of  studies  to  determine  the  required  size  and  the  location  of  these  conduits 
and  an  estimate  of  their  cost. 
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SUMMARY  OF  CONCLUSIONS  AND  RECOMMENDATIONS 


I.  HYDROLOGY; 


The  drainage  area  tributary  to  Muddy  River  Is  2,380 


The  50  year  flood  discharge  from  the  Muddy  River 
drainage  area,  taking  into  account  available  storage,  was  computed  to  be 
1,180  CFS. 

II.   HYDRAULIC  GRADIENT  OF  PROPOSED  SYSTEM; 

The  normal  water  level  In  the  Charles  River  Basin  is 
el.  2.5'.   Extreme  high  water  during  the  1955  hurrlcan  vas  el.  +  7.02'. 

The  total  head  loss  due  to  the  50  year  flood  discharge 
flowing  through  the  proposed  system  will  be  7.5*. 

This  will  cause  the  following  high  water  elevations 
in  Muddy  River,  upstream  of  the  proposed  intake  structure: 


50  year  flood  on  watershed  coinciding 
with  normal  water  level  in  Charles 
River  —  el.  10'. 

50  year  flood  on  watershed  coinciding 
with  high  water  in  Charles  River  -•- 
el.  12.5'. 

50  year  flood  on  watershed  coinciding 
with  extreme  high  water  in  Charles 
River  —  el.  14.5'. 


Since  these  high  water  levels  together  with  the 
elimination  of  part  of  the  Muddy  River  will  obstruct  the  flow  of  storm 
wat.r  from  the  Fenway,  an  additional  storm  sewer  system  with  an  inverted 
syphon  under  Interstate  Route  695,  connecting  directly  to  the  Fens  Pond 
is  proposed.   This  separate  storm  drain  system  will  drain  a  70  acre  area. 

It  should  be  noted  that  the  coincidence  of  a  50 
year  flood  discharge  with  extreme  high  water  in  Charles  River  has  a 
frequency  of  recurrence  far  in  excess  of  50  years . 

III.   PROPOSED  STRUCTURE: 

1.  Intake  Structure;   (See  Exhibit  9) 

One  4'  X  6'  sluice  gate  is  provided  for  the 
regular  flow,  and  two  additional  9'  X  9'  sluice  gates  will  open  only  during 
major  floods.  A  trash  rack  is  provided  ahead  of  the  sluice  gates. 

The  gates  will  be  motor  operated  and  their  operation 
regulated  by  the  upstream  water  level.   An  alarm  system  will  be  provided 
in  case  of  malfunction  of  the  automatic  control. 

The  Intake  structure  will  be  accommodated  in  a  600 
square  foot,  architecturally  designed  gatehouse. 


2,   Conduit  from  the  Intake  Structure  to  the  Syphon 
Well  on  Brookline  Avenue: 


A  box  conduit  is  proposed  from  the  Intake  Structure 
to  the  syphon  well,  consisting  of  two  90  S.F.  conduits  and  one  24  S.F.  con- 
duit.  (See  Exhibit  5), 
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The  28'  vide  by  14'  high  conduit  will  have  a  net 
wet  cross  section  of  204  S.F.  which  will  be  subdivided  into  three 
separate  conduits:   one  24  S.F.  conduit  to  accommodate  the  dry  weather 
flow  and  minor  floods;  two  90  S.F.  conduits  to  operate  only  during  major 
floods.   This  arrangement  will  make  it  possible  to  maintain  self -cleaning 
velocities  in  the  conduits  thereby  reducing  maintenance  cost. 

3.  Inverted  Syphon  at  Brookllne  Avenue: 

An  Inverted  syphon  is  proposed  under  the  depressed 
roadway,  consisting  of:   an  Intake  well;  a  280'  box  conduit  monolithic  with 
the  depressed  road;  and  an  outlet  well  to  the  diversion  chamber,  (See  Exhibits 
9,  10  &  11). 

An  alternate  scheme  using  a  20'  CD.  tunnel  was  also 
studied  and  is  Illustrated,  (See  Exhibits  6,  7  &  8) . 

4.  Diversion  Chamber  on  Brookline  Avenue: 

The  function  of  this  structure  is  to  distribute 
the  flow  of  the  Muddy  River  between  the  existing  9'  X  11'  conduit  parall- 
eling Brookllne  Avenue  which  outlets  to  the  Charles  River  and  the  proposed 
new  9'  X  11'  conduit  which  outlets  to  the  Fens  Pond. 

Two  metor  operated  9'  X  11'  sluice  gates  will  permit 
the  diversion  of  the  entire  flow  to  either  the  existing  or  the  new  9'  X  11' 
conduits  for  maintenance  purposes.   These  gates  will  open  automatically 
under  flood  conditions .   The  conduits  leading  to  the  diversion  chamber  from 
the  outlet  well  of  the  syphon  will  have  flap  valves  at  their  outlet  which 
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will  make  it  possible  to  isolate  a  single  conduit  for  dewaterlng  and  main- 
tenance . 

The  diversion  structure  will  be  acconnnodated  in  an 
architecturally  designed  gatehouse. 

4.  Conduit  from  the  Diversion  Structure  to  the  Fens  Pond; 

A  9'  X  11'  conduit,  1,950'  long,  is  proposed  alongside 
Interstate  695  with  an  outlet  to  the  Fens  Pond. 

5.  Outlet  Structure  at  Fens  Pond; 

The  outlet  structure  will  consist  of  a  stonefaced 
headwall  and  a  flap  valve  to  facilitate  maintenance. 

6.  Additional  Storm  Sever  Along  the  Fenway; 

This  storm  sewer  will  drain  a  70  acre  area  during 
high  water  conditions  upstream  of  the  Muddy  River  inlet. 

The  purpose  of  this  sewer  will  be  to  collect  all 
sewer  and  surface  drain  inlets  and  the  overland  flow  along  the  Fenway  and 
convey  this  flow  to  the  proposed  inverted  syphon. 

7.  Inverted  Syphon  for  Additional  Storm  Sewer; 

The  syphon  consists  of  two  48"  dla.  conduits  and  one 
24"  dia.  conduit.  Flow  to  these  conduits  will  be  regulated  by  weirs  of 
different  crest  elevations,  so  that  only  the  24"  dia.  conduit  will  operate 
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durlng  minor  floods. 


ADVANTAGES  OF  THE  PROPOSED  AND  ALTERNATE  SCHEMES: 

The  proposed  scheme  has  the  following  advantages: 
it  could  be  constructed  without  disturbing  the  existing  outlet  system  to 
Brookline  Avenue;  its  inverted  syphon  could  be  built  to  be  monolithic  with 
the  proposed  Inner  Belt  road  foundation;  and,  assuming  no  interference  with 
either  the  Beth  Israel  Dormitory  or  the  existing  11'  O.D.M.D.C.  sewer,  it 
has  a  construction  cost  that  is  approximately  16%  less  than  that  of  the 
alternate  scheme. 

The  Alternate  scheme  has  the  following  advantages:   it 
could  be  constructed  without  disturbing  the  existing  outlet  system  to  Brook- 
line  Avenue  or  to  the  Fens  Pond;  its  inverted  syphon  could  be  tunneled  and 
be  independent  from  the  proposed  Inner  Belt  road;  it  would  have  a  smaller 
head  loss  than  the  proposed  scheme;  and,  if  a  more  detailed  survey  indicates 
interference  with  either  the  Beth  Israel  Dormitory  or  the  existing  11"  O.D. 
M.D.C.  sewer,  it  might  have  a  cost  advantage  over  the  proposed  scheme. 

Both  schemes  would  have  an  advantage  over  the  existing 
system,  in  that  they  would  provide  adequately  for  the  present  and  future 
needs  of  the  system. 

The  two  recently  installed  72"  dia.  conduits  between 
the  intake  structure  and  the  gatehouse,  (see  Exhibits  3  &  6) ,  are  inadequate. 
The  Brookline  Town  Engineer  has  stated  that  flooding  has  occurred  in  the 
area  since  their  construction. 


HYDROLOGIC  STUDY  OF  MUDDY  RIVER 


REFFRENCKS : 

I.  U.  S.  Weather  Bureau,  Technical  Paper  No.  25 

II.  Flood  Flovs,  By  W,  E.  Fuller.  A.S.C.E.  Trans- 
actions, 70  -  564 

III.  Flood  Formulas,  By  Klnnlson  and  Colby.  A.S.C.E, 
Paper  #2448 

IV.  Sewer  Districts,  Town  of  Brookline 

V.  Horton,  Proc.  Soil  Science  Society  o£  America 
3,  pages  340  -  349 


ASSUMPTION; 

The  drainage  areas  dealt  with  in  this  study  are  fully 
or  partially  developed  urban  areas. 

Although  at  the  present  time  some  undeveloped  areas 
and  inadequacies  in  the  existing  sewerage  system  will  tend  to  decrease  flood- 
flows,  (for  the  purpose  of  this  study)  all  drainage  areas  were  treated  as 
fully  developed  urban  areas  with  adequate  storm  drainage.  Any  existing 
undeveloped  areas  and  inadequacies  in  the  sewerage  system  are  considered  to 
be  of  a  temporary  nature. 

The  drainage  area  tributary  to  Muddy  River  above  the 
proposed  intake  structure  was  determined  to  be  2,380  acres,  (See  Exhibit  1). 


The  drainage  areas  of  Jamaica  Pond  and  Brookline 
Reservoir  were  excluded  from  the  tributary  area,  since  overflow  from  these 
areas  to  Muddy  River  is  not  significant. 
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The  storage  area  provided  by  the  Muddy  River  is  24 
acres,  having  a  storage  capacity  of  144  acre-feet  at  maximum  flood  elevation. 
The  assumption  of  a  6'  depth  of  storage  is  based  on  the  hydraulic  gradient 
through  the  proposed  system  due  to  the  50  year  storm. 

Runoff  computations  are  based  on  the  rational  formula 
using  a  coefficient  of  runoff  of  0.55,  and  rainfall  intensities  based  on 
Ref.  I  (See  Exhibit  2). 

The  effect  of  storage  was  accounted  for  by  relation- 
ships developed  by  Fuller  (Ref.  II)  see  Exhibit  2. 

This  approach  is  based  on  the  assumption  that  Fuller's 
relationship,  using  a  parabolic  hydrograph  will  approximate  the  results  that 
would  be  obtained  by  floodroutlng.  The  actual  floodflows  would  be  more 
closely  represented  by  a  hydrograph  as  developed  by  Horton  (Ref.  IV).   The 
use  of  the  parobollc  hydrograph  will  tend  to  decrease  the  reduction  of  run- 
off due  to  storage  and  is  therefore  on  the  safe  side. 

Results  obtained  in  the  above  manner  are  compared  to 
floodflows  by  the  Kinnison-Colby  formula  (Ref.  Ill),  increased  by  50%  to 
account  for  the  urban  area.   Restllts  obtained  by  the  Kinnlson-Colby  formula 
are  of  the  same  order  of  magnitude. 


8HEET._. 
COMP.   BY._E^X- DATE 

,    .     ,.,  CLARKESON    ENGINEERING   CO.,    INC. 

CHECK   BY_  J.A.k ,NO.N««.  LOCATION. 

ACTIV.   NO 

SUBJECT     RulslOFF CoK/lPUTA-riQK3S 


MUDDV      RIVER 
C      =     O.'SS' 

Vr      -         ToTAU       VouUME      FuilAJIMCj       ImTO       StORACSIs 

Vs    -      Vouukas      Storage  v 

i        =  PA>MFALU         ItslT^tOSlTY  C  E'<*^1^''"'"       2) 

K    s      (ToEFFtciehdT      Of      Storagb      c^Exhibit  2;  ) 
A    -       Draikjags     /Area 
Q    =      k  Cc/a") 

5Q    YgAR     V^Loop 

A     =     2)380      Acres      At     £    Hour     Raimpalu 

I'ro    =.        I.  3    IkJ.  /  VAouR 

Vi     r       o.SS-    X    1.3  X    2, 3SOx-fey2  =    ZSA-   Ac-    Ft< 

Vs     =i      (3x24      =      144     AC.  -  FT, 

j/s.   =    4±±.  =  o.  SOS 
vT        ^®^ 

Qr^  -       0^<2>9     X    O.SS  X    \'^    X    2,380     =    1)  I80    CFS 
ZS    Year     Pt^ooD 


_ft...OP. 


At      2Vi   WooR     Ra>kjfa^^         r   =       t  ^•^•/ 


MR 


V(      -    0.55xlx    2)3SOA-fex2'?     =     215    AC-fT- 


\z 


V,'    " 


SHEET.__J_ri OF. 


COMP.   BY. _JIl1 DATE 

,    ■     u  CLARKESON    ENGINEERING   CO.,    INC. 

CHECK  BY_yj_'^._i^j LOCATION 

ACTIV.   NO 


5HIiE£I Al-terkix-te Me-tkop 


a  ^  -^^^^= —  X  1  o  o  =    1  -  o )  Vo 

^  -z       12.0     -  -5      --:      in  ' 

-    fo,  o-^r'^.?r   X     laGR  i-  342.)    I^  ^    I,  *35  4.o    CFS 
Wl^JOR     FLOOD 


Q     =    1.?    fo.034-4-.  5'-"  -.200)  xf^'    =     y^O   CFS 


^v1t^^JOR      FLOOD 


q    ^  \.s  (To.oooo^c,  K  s^'^-t  \24)x'-^c.oi  :  o.i    "=  "^'-^  '^P"^ 


a'""':^  L 


•hi:et.__J.I' OF. 

COMP.  ■Y__JEj_!l. DATE 

,  n    a                             CLARKCSON   ENGINEERING  CO.,    INC. 
CHECK  my.iLB.jR- location 


■NOINKBRB 
ACTIV.   NO 


«U»JECT  MUCDt^ g^WEl^ 


^4Y'DRAUU\C  CoMpUTAXIOMS 

XnLCT      To     ^ROOKUIW^     Av€     D\VE«*\0KJ     CvsAvMfeER, 


a 


^  Box    Co»oDu»r         Rtt  ZMl'        A    -    ^1.25 


ToT^L       Lc^JGTU       or        CooDu\T5 


-To  -r>x  u     LeKjc>Tw  I  O    5  S" ' 


IIOLET  I.  2   25" 


4-"     C^^^^^^) 


Total   LoiS         -3'Zil^ 

loss       AceoSS      "TfeASHR.ACk:  ^Av    «:>.  T  ^ 

SAV        V^r      |/£uoCiT>'        Ifo        lAeaG       "Tu«6S. 
y/t  =     VfeLoc\Ty      tk>       SMALL       -TuBtX 


.1^. 


•HKET ljit...OF 

COMP.  BY._ilt._YL DATE 

,    .     „                              CLARKESON   ENOINEERINO  CO.,    INC. 
CHECK  ■Y_J_.^^B tNaiNHR*  LOCATION 

ACTIV.  NO 


SUBJECT 


5?>l  CFS       ivo    EACH      LAeci      Tube  10  g  2      CFS 

lis    CPS        >  vj     -TU«r     ^I^^^LC       TuBC  \    \    8       

Zcp=|^180    CFS 

•i  =   r.  an    FPS  ^-u  -    ^^  9/    PP^ 

Mf,  ^   .   oo^^aS"    y    JOSS"  =•  <2J.^i\'        ^^a=  ooi^^VxioSS-^     )'4-\' 


2.U  ^.je.^--*-*^.^  tfi. 


Total    Lbk>gtv4      Imcl.   Ve^T,     "5 wafts    '        SS'c? 

WWkO    Lc>«5       Cobpp\cic>otS 

lULET    * 
4-  -*^o*    fesWTS  ', 


Total     Ldss 


'Loss     Across   TfeASHiSACvc  "S/^y     o,  s 

vyj  s     v^wLC'ciTy      i*o    LA(iGu     Tu&es 


COMP.   BY.__E_^____ 

CHECK  by__J_._A>_lI:1 

ACTIV.   NO 

SUBJECT 


CLARKESON    ENGINEERING   CO.,    INC. 

CNOINEER* 


9HEET.___L3.-0F. 

DATE 

LOCATION 


\\G      CFi        Ivo    TvAt      '3m)\h.     Tube. 


SM 


O''    sip   9 


M  ^^.  =  .  oo  I  ST  ^  .5S"  --     /'  ^• 


,  / 


^    C'?.'S<:0     ^     Z.lc^ 


Us> 


UETvt>    Loss        &>HTweevj     Dw^^svom 


CuA.»^(aES? 


ASUMPTIOM 


PeuS  PoKiD  W\ul.      ^e       o 

^WER     B.A."S\^J  .      TU\%     \%       r2)^SED     OK^     -rue     A'5.UV^PTvo^w 

Tu/^T    A,99^0X'      "Spoo    CF'5      i\/\ul     Di^c:t^f\RQ.e       lk>To 

Soo  CFS        FI20M       MuOOy    R>veR. 
2,2:00  CFS  F(2<3M       ^TOVoV      BQ.OOU» 


:jp 


SHEET. L4l. 

COMP.   BY._E_Y DATE 

CHECKBV.J.A.b  CLARKESON    ENGINEERING   CO..    INC.  °*":"""" 

INOINHRa  L.Ot.ATION 

ACTIV.    NO 


-5j--p-^.,   >'    -       OUD        ELL\p-VlCAl    , 

R=    2.4-S\      A  *  "71."!  ^        r-t    =r    o-  oi  7 
4-IO'-    tsJEW     ^.  <S.-?'   y  \0  '     CoKjDUiT 

\  -TUBE-     Cb.S'  y    (i.s'         I5r  I.GZ'      A  =    -^2.1   ^ 

I  Tube    -s-"^^'x  4-'  R.~o/"ii'      A~(3,4-°' 

r'l  ™  o .  o  I  "5 

A-r       -^ei.o    CFS 


I  •    3  1 


\.'33' 


^-AV      E    AU     SYPUO»o    -      1.3^ 


Elliptic     PiPc  t/-    -5^25    ~     4.,^a' 

V7.7 
AU       Exit     ^T^    CuARLES    R^veR')    =r    C.-^iTv   Ij^^    -      ':D--I.S 


SHEET. 
COMP.  BY._F._Y^ DATE._ 

,   .     a  CLARKESON    ENGINEERING   CO.,    INC. 

CHECK  BY_^.A-i.i:_i 


KNQINEKRa 
ACTIV.   NO 


LOCATION. 


SUBJECT 


~i  <r^  >.:.■' 


/ 


n  =:    'Oi3       Up  rr-  .  oc-^o-%1.  X  4io     --      a.  1-3' 
'^u      --     I. -'Si    H-    Z.^'t'Z.    -f-    <i^.  i-S     ="-",     4-  -4- 2.' 


Skjti^.  toss      c>.?^LL      ^  0/-^o 

tVlT.     l-OSS       (fAT     rcWS      PoKiO") 

4.42   -  "^.S-^      -       -  S"^'       ~    iDK 
^\\;^<^      AVoO*     P^VoS  PouD 


•16- 


COST  ANALYSIS 

PROPOSED  SCHEME  (See  Exhibits) 

The  proposed  scheme  consists  of:   an  Intake  structure 
with  trash  racks  and  motor  operated  sluice  gates  enclosed  in  an  architect- 
urally treated  building;  a  high  level  conduit  paralleling  the  Fenway  from 
the  intake  to  the  syphon  at  Brookline  Avenue;  an  inverted  syphon  under  the 
depressed  roa<1  to  Lha  d.  version  chamber;  a  diversion  chamber;  a  new  9'  X  11' 
conduit  to  the  Fens  outlet;  a  tie  into  the  existing  9'  X  11'  conduit  on 
Brookline  Avenue;  and  an  outlet  structure  to  the  Fens  Pond. 


ALTERNATE  SCHEME  (See  Exhibits) 

The  alternate  scheme  consists  of  a  combination  inlet 
structure  and  syphon  shaft;  a  20'  dia.  tunnel  under  the  depressed  road;  a 
diversion  structure-  a  new  9'  X  11'  conduit  to  the  Fens  Pond;  a  tie  into 
the  existing  9'  X  11'  conduit  on  Brookline  Avenue;  and  an  outlet  structure 
to  the  Fens  Pond. 
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SCOPE  OF  REPORT 

The  proposed  lines  and  grades  of  Interstate  Routes 
695  and  95  interfere  in  seversil  locations  with  the  Stony  Brook  conduit 
system. 

This  report  summarizes  the  finding  and  recommend- 
ations of  studies  to  determine  the  extent  of  this  interference  and  the 
location,  size  and  cost  of  inverted  syphons  and  other  structures  that 
will  be  necessary  for  the  maintenance  of  the  drainage  system  at  its 
present  capacity. 


SUMMARY  OF  RBCOMMENIATIONS  AND  CONCLUSIONS 

I.  DRAINAGE  AREA; 

The  drainage  area  tributary  to  the  intercepted 
Stony  Brook  conduits  is  8,800  acres.  The  population  tributary  to  the 
flow  of  sanitary  sewage  in  these  conduits  is  approximately  100,000 
permanent  residents  and  100,000  transients  (196O  census  figures). 

II.  CAPACITY  OF  PROPOSED  INVERTED  SYPHONS; 

In  all  cases  where  existing  conduits  are  intercepted 
it  is  proposed  to  replace  these  conduits  by  structures  of  equivalent  cap- 
acity. 

III.  PROPOSED  STRUCTURES  AND  PROTECTIVE  CAPPING; 
1.  Inverted  Syphons; 

A.  General  Features  of  all  Proposed  Inverted  Syphons: 
Each  structure  would  consist  of;  an  intake 
diversion  chamber,  an  intake  transition  conduit,  an  intake 
shaft,  a  syphon  tube,  an  outlet  shaft,  an  outlet  treuasition 
conduit,  and  an  outlet  diversion  chamber. 

The  intake  diversion  chamber  would  be  built 
around  the  existing  conduits  beyond  the  limits  of  the  pro- 
posed Inner  Belt  roadway.  This  chamber  would  accomodate 
the  stop  logs  necessary  for  dewatering  the  syphon  during 
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maintenance  or  repair  operations. 

The  intake  transition  conduits,  consisting  of  two 
60*  long  parallel  conduits  equivalent  to  the  existing  conduits, 
would  be  constructed  from  the  intake  diversion  chamber  to  the 
intake  shaft. 

The  intake  shaft  would  be  a  vertical  well  from  the 
intake  transition  conduits  down  to  the  syphon  tube.  It  would 
be  a  reinforced  concrete  structure  divided  into  two  openings  with 
a  cleajiout  pit  extending  below  the  Invert  of  the  syphon  tube. 

The  syphon  tube,  consisting  of  two  parallel  box 
conduits  of  reinforced  concrete  under  the  proposed  Inner  Bfilt 
roadway,  would  connect  the  Intake  shstft  and  the  outlet  shaft. 

The  outlet  shaft  would  be  a  vertical  well  from  the 
syphon  tube  to  the  outlet  transition  conduit,   similar  to  the  in- 
let shaft  except  that  it  wovild  not  have  cleanout  pits. 

The  outlet  transition  conduit,  similar  to  the  inlet 
tremsitlon  conduit,  would  be  constructed  from  the  outlet  shaft 
to  the  outlet  diversion  chamber. 

The  outlet  diversion  chamber,  similar  to  the  inlet 
diversion  chamber,  would  be  built  around  the  existing  cond\iit. 
(See  Exhibits  6  &  7). 

B.  The  following  Inverted  syphons  are  proposed: 
1.  Parker  Street  Syphon; 

An  Inverted  syphon  consisting  of  twin  12* -0"  x  13' -O" 


box  conduits,  2^3'  long  is  proposed  to  replace  the  existing 
12' -6"  X  12' -O"  double  channel  Stony  Brook  conduits.  The  approx- 
imate invert  of  the  syphon  tube  would  be  elevation  -35' •   (See 
Exhibit  3). 

2.  Forsyth  Street  Syphon; 

An  inverted  syphon  consisting  of  twin  8' -6"  x  11' -0" 
box  conduits,  90'  long  is  proposed  to  replace  the  existing  8' -3" 
X  10 '-6"  double  channel  Stony  Brook  conduits.  The  approximate 
invert  of  the  syphon  tube  would  be  elevation  -33'.  (See  Exhibit  k), 

3.  Whittier  Street  Syphon; 

An  inverted  syphon  consisting  of  twin  8' -6"  x  10' -0" 
box  conduits,  90*  long  is  proposed  to  replace  the  existing  8' -3" 
X  9' -6"  double  channel  Stony  Brook  conduits.  The  approximate  in- 
vert of  the  syphon  tube  would  be  elevation  -23'.   (See  Exhibit  5)« 

2.  Protective  Capping  of  Existing  Conduits; 

Concrete  capping  is  proposed  to  protect  existing 
conduits  over  which  embankment  sections  of  1-95  are  planned. 
Capping  is  proposed  in  the  following  areas,  (See 
Exhibits  2,  8  &  9). 
A.  Capping  of  ^50'  of  existing  7'-0"  x  7' -2  3/8"  single  conduit  on 
Tremont  Street. 


B.  Capping  650'  of  existing  15' -6"  x  17' -O"  single  conduit  on  Columbus 
Avenue. 

IV.   ESTIMATED  COST  OF  PROPOSED  STRUCTURES  AND  PROTECTIVE  CAPPING; 

Parker  Street  Syphon  $  691,000 

Forsyth  Street  Syphon  323,000 

vniittier  Street  Syphon  283,000 

Tremont  Street  Protective  Capping  30,000 

Columbus  Avenue  Protective  Capping  179 > OOP 

TOTAL  COST  OF  PROPOSED  WORK  $1,506,000 
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